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INTRODUCTION 


By Rachmiel Levine 
Depariment of Medicine, Michael Reese Hospital, Chicago, Ill. 


The present conference is a consequence of deliberate and well-planned 
esearch based upon a series of chance observations in a field far removed 
rom diabetes. But for M. Janbon’s fortuitous observation that one of the 
ewer sulfonamides of 1942 produced a disorder very similar to hypoglycemia, 
Auguste Loubatiéres very probably would not have devoted the next fifteen 
years to an effort to ascertain the nature of these symptoms and to analyze 
he mechanism which produced them. The sulfonylureas were also origi- 
nally designed as more soluble sulfa drugs with prolonged action, and their 
effects in diabetes were consequences of unexpected activity. 

Loubatiéres was prepared to look for the mechanism of action of these 
drugs by reason of his long experience in experimental diabetes stemming 
directly to Hédon and through him to Minkowski. 

The brilliant and extensive work on the relation of endocrines to the dia- 
betic state by Houssay and his school in Argentina has never been dimmed 
by the political vicissitudes which he and his colleagues suffered for many 
years. Also in this latest field of research in diabetes, his authoritative voice 
speaks from deep experience. 

It is to the credit of all workers in the field, that, within a relatively short 
space of time, we have learned so much about the sulfonylureas. Within 
imits, standards of tolerance, dosage, and effectiveness have been estab- 
ished. Indications for possible clinical use are in general agreed upon. The 
mechanisms of action have become clearer, although not yet fully under- 
stood. We have come to the important recognition that such drugs, con- 
venient and valuable as they may prove to be, do not relieve the physician 
r the patient from the obligation to exercise strict dietary control nor do 
they free the diabetic from learning to use insulin in an intelligent manner. 
Transcending any of the clinical considerations brought forth by these 
drugs, their effect has already been forcefully felt in the stimulus they have 
riven to research into the intimate aspects of insulin production, release, and 
secretion; into the highways and byways of insulin metabolism; and into the 
exing problem of the etiological factors concerned in the production and 
appearazice of diabetes mellitus in man. 


THE HYPOGLYCEMIC SULFONAMIDES: HISTORY AND 
DEVELOPMENT OF THE PROBLEM FROM 1942 TO 1955 — 


By Auguste Loubatiéres : 


Laboratory of Applied Physiology, Faculty of Medicine, Institute of Biology, 
Montpellier, France 


Clinical Observations and First Hypothesis (1942) 


The first clinical and experimental observations that formed the back- 
ground for the utilization of certain sulfonamide derivatives in the treatment 
of diabetes were made during the first half of 1942. At that time M. Janbon 
and his co-workers of the Infectious Disease Clinic at the Medical School of 
Montpellier were investigating the therapeutic effect of the isopropylthio- 
diazole derivative of sulfanilamide (2254 RP) in typhoid fever. They found 
that this drug produced in some patients, especially those who were under- 
nourished, symptoms and signs resembling hypoglycemia. Some patients} 
had grave neurological disturbances, and died. The chemical data revealed 
low values for blood sugar. The intravenous injection of glucose tended to) 
alleviate the symptoms in some individuals, but in others it was not helpful. 
Janbon presented this problem to us and asked for our advice. : 

_ Some months earlier we had completed an experimental study with Hédon} 
and Heymann!” of the irreversible neurological lesions produced in the dogs 
by large doses of protamine zinc insulin. It occurred to me that there might: 
be a parallelism between the effects of 2254 RP and of protamine zinc insulin, , 
This was, of course, a tentative idea, and it was necéssary to submit it to) 
experimental test. : 
Physiological Analysis of the Mechanism of Action of 2254 RP (1942 to I 946) | 


This study began in June of 1942. I first determined that the addition of ' 
the drug to blood did not affect the determination of sugar by the method of ' 
Hagedorn and Jensen, so that the values obtained were not due to artifacts. . 
Next, I determined that the oral administration of 2254 RP (0.25 gm. per kg.) | 
to a normal fasting dog resulted in a progressive hypoglycemia, with blood | 
sugar as low as 50 mg. per cent. In these acute experiments the degree of | 
hypoglycemia was a function of the blood sulfonamide level. I observed tha } 
24 hours after the administration of the drug the blood sugar still had not. 
attained its initial value. In a completely depancreatized dog the adminis- - 
tration of 2254 RP by mouth or by subcutaneous or intramuscular injection. 
had no effect on the level of blood sugar. I therefore adopted the hypothesis | 

‘ that the pancreas was necessary for the action of the drug and that this sub- 
stance was pancreatotropic, acting upon the endocrine system of the islet: i 
of Langerhans and stimulating the processes involved in the secretion of. 
insulin.* “6 JT informed Janbon of these experimental results and of the’ 
hypothesis. On July 3, 1942, Janbon and his co-workers presented to th 
Society of Medical and Biological Sciences of Montpellier their clinical experi- 
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neces and mentioned the above initial experimental results.” % 1° Later I 
eported to Janbon that I had produced convulsive seizures in dogs by admin- 
stering the drug for many successive days. Initially, these hypoglycemic 
ymptoms could be reversed by glucose injection, but they became irreversible 
hen glucose therapy was instituted too late after the beginning of hypogly- 
emia. These phenomena were exactly like those which follow the injection 
f prolonged and excessive use of protamine zinc insulin.':? My initial 
ypothesis seemed confirmed and, in October of 1942, Janbon and his 
o-workers and my colleagues and I presented our results during the 43rd 
ongress of the French-Speaking Neurologists.* 11 

Despite the many difficulties occasioned by the war period, between 1942 
nd 1946 I pursued the study of the mechanism of action of the hypoglycemic 
ulfonamides and demonstrated a number of facts that recently have assumed 
ome importance. These are described in four basic publications.* ® & 1 
I shall.try to summarize these facts briefly: 

(1) The hypoglycemic action of 2254 RP cannot be obtained in the com- 
letely depancreatized animal, but it can be shown to occur if the animal 
etains as little as one sixth of its pancreas. 

(2) The lowering of the blood sugar is not due to a stimulation of nerve 
centers transmitted to the pancreas by the vagi, since vagotomy or the admin- 
istration of atropine does not interfere with the hypoglycemia. 

(3) The hypoglycemia is due to a direct stimulation of the insulin-secreting 
cells. The slow injection of a small dose of the sodium salt of 2254 RP into 
the artery supplying the uncinate process of the pancreas produces definite 
lowering of the blood sugar. When one injects a similar amount of the 
sodium salt into the glandular end of the main pancreatic duct of the dog one 
obtains, after a brief hyperglycemia, a slow but profound lowering of the blood 
sugar (30 mg. per cent). A control NaOH solution produces variations in 
blood sugar that are not significant. 

(4) It is possible to demonstrate insulin liberation by making a vascular 
anastomosis, according to the method of Zunz and La Barre, between the 
pancreaticoduodenal vein of a donor dog (which receives the drug) and the 
jugular vein of a recipient dog previously rendered diabetic by alloxan. 

' (5) At this stage I considered that “the concentration of the sulfonamide 
in contact with the islet cells was the factor responsible for the liberation 
of insulin” and that the drug was ‘‘an agent exciting insulin secretion.’”® 

If this were so, one should be able to demonstrate that under certain experi- 
mental conditions 2254 RP would produce metabolic changes similar to those 
of insulin. I found that this substance permitted the accumulation of sig- 
nificant amounts of glycogen in the liver of a dog that had been fasted for 
four days in order to sensitize it to the effects of insulin. The sulfonamide 
did not elevate the R. O. of a totally depancreatized dog during glucose 
absorption. This showed that the drug did not act directly to increase carbo- 
hydrate combustion. The R. Q. was elevated in an incompletely depancrea- 
tized dog, but this could be explained by the liberation of endogenous insulin. 
[I tested other hypotheses that could explain the hypoglycemic action of 
this sulfonamide. In 1946 ® Ishowed that 2254 RP did not inhibit the dia- 
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betogenic effect of anterior pituitary extract. Other experiments showed that . 
in vitro the drug did not affect glycolysis in the heparinized blood of the dog. 
In 1946 it occurred to me to test whether 2254 RP had a trophic action on, 
the islets of Langerhans. In rabbits given 0.5 gm. per kg. of the drug by’ 
mouth every day for three weeks the pancreas showed hyperplasia of the: 
islets. ‘The cells themselves were increased in size and their nuclei also were : 
larger than normal. They appeared active, without any degenerative mani- : 
festations. It was also observed that the other organs of the animal, in par- | 
ticular the liver, showed no histological abnormalities. 
At that time we also reported®: '* attempts to treat alloxan diabetes of the | 
rabbit by the daily administration of 2254 RP. In rabbits in which the blood | 
sugar was reduced by fasting and in which biopsy showed that some islets were 
preserved, the oral administration of the drug reduced the blood sugar and 
the glycosuria consequent to food, and the weight became stable. When the 
drug was discontinued the diabetes became progressively worse. We attrib- 
uted this antidiabetic action to stimulation of the remaining islets.® 1* Ina 
similar manner we interpreted" the very feeble hypoglycemia obtained by 
injection of the sulfonamide into ai alloxanized dog. We had also observed 
that a certain number of alloxan diabetic animals treated with 2254 RP were 
“cured” of their diabetes. Although new formation of islets could explain 
such a phenomenon, we speculated on other possible mechanisms. Since 1946 
investigation of these possibilities has been the objective of our work.!> 16 17 
Following our publications of 1942 to 1946, a few authors became interested | 
in the mechanism of action of the hypoglycemic sulfonamides. Chen, Ander- | 
son, and Maze!® utilized a substance closely related to 2254 RP—the cyclo- 
propyl derivative—and found that it produced hypoglycemia in the normal _ 
rabbit and hyperglycemia in the severely alloxanized animal. They con- 
cluded that their substance stimulated insulin secretion, in conformity with 
our hypothesis. | 


La Barre and Reuse!® confirmed the hypoglycemic action of 2254 RP in the _ 
dog and showed that this was more intense after adrenalectomy. They 
found, as we had, that hypoglycemia could be elicited in incompletely alloxan- _ 
ized animals, but not in those in which the diabetes was produced by large 
doses of alloxan. They concluded, in confirmation of our hypothesis, that 


the drug possesses the property of stimulating the endocrine function of the 
pancreas. 


There were very few in 1946 who had any notion of the eventual interest _ 


in these hypoglycemic compounds. At that time I wrote: “One might think 


of establishing a test by giving 2254 RP to diabetics in order to determine — 
their capacity for insulin secretion. It is possible to imagine diabetic states — 


resulting purely from a weakening of the insulin secretion process.”> In 


underlining the therapeutic interest of this drug and of related chemicals i} 


' 


also wrote: “It is logical to assume that such hypoglycemic agents could © 


eventually be used in the treatment of certain forms of diabetes. 
suppose that in addition to diabetes that results from anatomical damage to 
the islets of Langerhans there may be another functional form, as a conse- 
quence of deficiency of insulin secretory mechanisms. In the latter case the. 


| 
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islet cells might appear histologically normal, even though they have an 
abnormal excitation threshold, and would therefore liberate less insulin than 
is necessary to maintain a normal blood sugar level. It is in this type of 
diabetes that it would appear logical to utilize the sulfonamide compound with 
‘which we have worked.’’> 


Pharmacodynamic Investigations: Relation Between Structure and Activity 
(1942 to 1946) 


In addition to the physiological studies, pharmacological investigations 
were conducted between 1942 and 1946 with the aim of establishing relation- 
ships between structure and activity. Janbon predicted them in 1943.29 
They were accomplished by Bovet, Dubost, and Loubatiéres, using about 
20 derivatives. 

Bovet and Dubost?! worked with the dog. Loubatiéres used dogs and 
tabbits® © 11% and reached similar conclusions. These papers were to 
appear simultaneously, but because of the conditions during the eventful 
year of 1944, our note appeared a month later than that of Bovet. Our 
conclusions do not differ significantly from those of the latter. This study 
revealed that among close derivatives of the isopropyl compound some were 
frankly hypoglycemic, others exhibited a strong hyperglycemic action, and 
others had only slight activity. The hyperglycemic sulfonamides probably 
acted in the same way as has been reported for sulfathiazole and sulfanila- 
mide, which Goldner and Ricketts?? found to be capable of diminishing glu- 
cose tolerance when given in large doses. In 1946 we drew the following con- 
clusions about structure-activity relationships: “The sulfonamide compounds 
that depress the blood sugar seem to form a group of thiodiazole derivatives. 
Among them the tertiary butyl and isobutyl are the most active, then in order 
of decreasing activity the butyl, amyl, isoamyl, propyi, and isopropyl com- 
pounds. The ethyl and methyl derivatives possess no activity. The hexyl, 
heptyl, and amino thiodiazole compounds have insignificant activity.” 

In 1946 we drew attention® * 1% also to the significance of the side chain 
attached to the thiodiazole nucleus. We had found that alcohols correspond- 
ing to these hydrocarbon chains, particularly isopropyl, butyl, and amyl 
alcohols, themselves exert some hypoglycemic activity. We thought that 
the activity of these drugs that we had studied was the result of the action 
of the hydrocarbon chain, with the p-aminobenzene portion acting as a re- 
inforcing agent to the rest of the molecule.® 


Investigations Between 1947 and 1955 
~ In 1951 and 1952, after we had studied the possible role of “endogenous 
alloxan or alloxanoid substances” in the pathogenesis of diabetes,’” ?* we 
established the fact that 2254 RP seems to inhibit the formation of endoge- 
nous “alloxan” both in vitro and in vivo. In 1952 Davis®4 showed that the 
subcutaneous injection of the hydrochloride or sulfate salt of synthalin A 
(decamethylene diguanidine) into rabbits produced hydropic degeneration of 
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the a cells of the islets of Langerhans. In 1954 and 1955 von Holt and he 
co-workers utilized 2254 RP, which they renamed IPTD, for a study of itss 
effects on the a cells.25 26 27 They confirmed the hypoglycemic action of this 
substance, and they also observed the phenomenon of attenuation of alloxan 
diabetes in the rabbit and its “cure” in certain cases, phenomena that we had 
already described. They found severe lesions of the @ cells and, in many 
cases, their total disappearance. On the other hand the 6 cells were spared. | 
In alloxanized animals “cured” by IPTD, von Holt explained the disappear- 
ance of diabetes by the complete destruction of the a cells. In such animals; 
there were no functional islets at all. 
The work of Creutzfeldt and Tecklenborg in 195528 2° cast doubt on von! 
Holt’s theory. These authors stated that the hypoglycemia manifests itself 
before any alteration is seen in the a cells, and they could not confirm the: 
disappearance of such cells. They stated that my hypothesis of stimulation 
of insulin secretion as a basis for the hypoglycemia seemed more likely. 
Toward the end of 1954 and during the first months of 1955 we obtained | 
evidence that the administration of 2254 RP in large doses produces degranu- : 
lation of the a cells, but it was difficult to give a functional interpretation to} 
such changes.*® 3! 32 We have always maintained** *4 *5 that the primary’ 
and essential action of 2254 RP is stimulation of the secretion of insulin by’ 
the 8 cells. In particular, we had established that in recent or moderate} 
alloxan diabetes, the activity of the sulfonamides is related to the number of | 
8 cells spared by the alloxan. We believe that the progressive improvement | 
of diabetes elicited by 2254 RP in such animals depends upon the new for- : 
mation of 6 cells from acinar or duct cells that we have shown takes place.3!} 32 | 
It is true that we had considered the hypothesis that the improvement in. 
diabetes from 2254 RP in alloxanized animals might be due to an action of ' 
the a cells. However, we have always considered such a mechanism, if it . 
does operate, to be subsidiary to the essential actions on insulin secretion 
and new formation of 8 cells. | 
Whatever the intimate mechanism of such ‘‘cures or remissions”’ air 
out to be, its location is definitely intrapancreatic. We demonstrated in. 
1955 that alloxan diabetic animals cured by 2254 RP became diabetic imme- 
diately after the total ablation of the pancreas.*?: 36 
On the 25th of September 1955, when we reported some of our work on th 
sulfonamides,** we were asked whether these had been tried in diabetia : 
humans, what the results were, and whether we should distribute such com-| 
pounds for clinical trial. At that time our clinical trials had begun, but w 
decided not to distribute such compounds until we were certain that they | 
were reasonably nontoxic in humans. 
On October 7, 1955, a group of German investigators published their first ; 
experimental and clinical results using the sulfonamide BZ 55.37: 38.39 The | 
bibliography appended to these publications refers to one of our 1946 papers.® 
On November 14, 1955, we presented evidence that in the diabetic human 
2254 RP has the same action as BZ 55.40 41, 42 - 
It appears therefore that 2254 RP can be considered as the first’ of a oe | 
macological and therapeutic group of agents of the sulfonamide variety that 


| 
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are hypoglycemic and antidiabetic. Recent work has served to confirm this 
‘general statement.** 
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ACTION OF THE HYPOGLYCEMIC SULFONYL COMPOUNDS 
IN HYPOPHYSECTOMIZED, ADRENALECTOMIZED, 
AND DEPANCREATIZED ANIMALS* 
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By B. A. Houssay, J. C. Penhos, N. Teodosio, J. Bowkett, and J. Apelbaum 


Institute of Biology and Experimental Medicine, Buenos Aires, and Medical School, University t 
of Buenos Aires, Buenos Aires, Argentina 


The effect produced by extirpation of the pituitary, adrenal, and pancreas ; 
on the effect of four hypoglycemic sulfonyl compounds} was studied in dogs, . 
rats, and toads. A fall of blood sugar was observed in normal, hypophysec- 
tomized, adrenalectomized, and castrated male or female dogs. Except in 
a few cases, the effect could not be obtained in depancreatized dogs unless 
a small fragment of the organ remained. 


> or 


METHODS 


The substances employed were: 

(1) p-aminobenzenesulfonamidoisopropylthiodiazole (Compound 2254 RP; 
LPL D; PASIT); 

(2) 1-butyl-3-sulfonylurea (BZ-55, Boehringer; carbutamide, Lilly); 

(3) 1-butyl-3-p-tolylsulfonylurea (D 860, Hoechst; Orinase, Upjohn); and 

(4) p-aminobenzenesulfonamido-2-tert-butyl-5-thiodiazole (2259 RP). 

The animals used were: hypophysectomized rats, dogs, and toads; adre- — 
nalectomized rats, dogs, and toads; depancreatized dogs and toads; hypoph- 
ysectomized-depancreatized dogs; adrenalectomized-depancreatized and 
hypophysectomized-adrenalectomized dogs with partial pancreatectomy. 
The controls were intact animals of all three species. 

The drugs were administered intravenously to dogs and rats in a dose of 
0.2 gm./kg. and by the oral route to dogs (0.5 gm./kg.) and rats (0.2 gm./kg.). 
The toads were given the drugs (200 mg./kg.) in a volume of 2.0 ml. by dorsal 
subcutaneous injection. The substances were dissolved in 0.1 V NaOH; final 
concentration was 100 mg./5 ml. 

The toads weighed between 150 and 210 gm., the dogs between 6 and 8 kg., 
and the rats between 120 and 160 gm. The rats were fasted for 5 hr. and the 
dogs for 18 hr. prior to the experiments. The dogs were kept ona meat diet 
and those that were adrenalectomized, or hypophysectomized and adrenal- 
ectomized, received 5 to 10 gm. NaCl per day and one injection of 5 mg. of 
cortisone acetate every 15 days when an experiment was not in progress. 

The hypophysectomies were done by the parapharyngeal route in the rats, 
by a craniolateral approach in the dog, and by the buccal route in the toad. 


* The investigation on which this paper is based was supported in part by a research 
grant of the National Institute of Arthritis and Metabolic Diseases, National Institutes of 
Health, Bethesda, Md. ‘ 

+ We wish to thank the following firms for supplies of the drugs: Rhone Poulenc Labora- 
tories, France (IPTD and 2259 RP); Eli Lilly & Company, Indianapolis, Ind., and C. R. 


Boehringer und Soehne, Germany (carbutamide); and Farbwerke Hoechst, Frankfurt, 
Germany (tolbutamide). 
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The hypophysectomized dogs were used 15 days to 3 months after the 
operation; the adrenalectomized dogs 4 to 15 days after the operation; and 
the pancreatectomized dogs 8 to 90 days after removal of the pancreas. In 
the triply operated dogs, 82 to 85 per cent of the pancreas was removed at 

_ the first operation. Two dogs (Nos. 77 and 78) underwent hypophysectomy 
1 month later and one dog (No. 66), 7 months later. Three months after 
the second operation, the second adrenal was removed. The animals were 
maintained in perfect health using cortisone for the first week and only NaCl 
thereafter. These dogs suffered from weakness of the posterior extremities 
that could be ameliorated in a few hours by the injection of 5 mg. of cortisone. 
Hyperphagia and obesity developed in these animals; their weight increased 
by 58, 60, and 38 per cent, respectively. The completeness of the operations 
was verified at autopsy. The hypophysectomized dogs received an insulin 

' sensitivity test, using 0.1 unit/ kg. body weight. This produced rapid hypo- 

_ glycemia and convulsions i in 1 to 14 hr., from which they could be restored 
by I.V. injections of glucose and food by. mouth. 

The toads were used 24 hr. after extirpation of the pituitary or cauterization 

of the adrenals. The hypophysectomized rats were used 8, 15, or 20 days 
after operation and the adrenalectomized animals, 5 to 15 days postopera- 
tively. They were maintained in good condition without mortality by using 
a 1 per cent NaCl solution per os ad libitum. 

Blood was obtained directly from the heart in the toads, from the ‘ail 

_ vessels in the rats, and from the ear vessels in the dogs. The blood sugar was 

estimated by the Poca Nels technique. 


RESULTS 
Acute Intravenous Effect in Dogs 


The substances were dissolved in 0.1 N NaOH; final concentration was 
100 mg./5 ml. (2 per cent). They were injected intravenously (using the 
saphenous or the jugular veins) at doses of 200 mg./kg. of body weight. A 
similar amount of NaOH solution given alone had no significant effect in dogs 

and rats used as controls. 

Normal dogs. At doses of 200 mg./kg. of body weight, the 4 sulfonyl com- 
pounds produced similar falls in the blood sugar level, on the average to —42 

- to —46 per cent of the initial level (TABLE 1, FIGURE 1). The lowest level of 
blood sugar was observed between 2 and 4 hr. after the injection, rising 
again after 6 or more hr., and returning to normal after 8 hr. or more. 
Most of the animals had nausel and vomiting and, between 2 and 6 hr., 
weakness and drowsiness; some of them lay down, and others showed (eon 

_ Neither these symptoms nor hypoglycemia were observed after administration 
of NaOH (rF1cure 1). 

Hypophysectomized dogs. In 14 hypophysectomized dogs, doses of 200 
mg./kg. of body weight provoked in the blood sugar a slightly more accentu- 
ated descent than in the controls: an average of —50 per cent with carbuta- 
_ mide, —46 per cent with IPTD, and —57 per cent with 2259 RP (TaBLeE 1, 

"FIGURE 1). Only one of these dogs died in hypoglycemia 24 hr. after the 
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TABLE 1 


AcTION OF SULFONYL CompouNDS GIVEN INTRAVENOUSLY (200 MG./KG.) ON THE 
Bioop Sucar (mc./100 mt.) or Docs 


Hours Died 
in 24 
Drug hours 
0 0.5 1 145 2 Ay 6 8 
Normal 
Carbutamide...| 99 +7 | 88 + 10] 65 +9 | 73 +8 | 5744 | 5446) 71 +6] 75 410) 0/8 
Tolbutamide...]119 +2 | 96 +9 | 85 +8 | 69 + 13} 67 +8 | 78 +7| 92 +4 |111 +3 0/2 
bY Sal i Dee core § 93 +7/|76+7)]65+4)] 544+3/|56+3 | 52 +3) 83 +1 1102 +3 0/6 
D259 REP oy. te oe 100;+°7 |, 68 +859 +6 _— 58 + 10) 62 + 5] 68 + 6 aa 0/6 
NaOH 0.1 N...| 85 +'7 | 90+ 5 | 9445 | 92 +4] 90+4/] 814+ 7] 8647 — 0/4 
Hypophysectomized 
Carbutamide...| 79 +4] 51+8 | 43+6] 4045 | 4944 | 59 +3) 69 +3 — 0/5 
1 bd OD IBA aS So 814+4]59+1 |] 4842/4343] 5144] 61+7| 70+4 — 0/6 
22590. RPeiees wee 70 2) Ad Ss 50 +2] 4h 30 +5 | 30 + 6 42 + 14 _ 1/3 
Adrenalectomized 
Carbutamide...] 77 +9 | 49+ 4] 22+3] 16+2 | 17 12 — _— 4/4 
Tolbutamide...} 91 64 58 41 37 47 — — 1/1 
IPT DA eeetr 86 +6] 44 + 20) 22+9/] 1342 — — — — 1/2 
PYAR Yo PE ee 101 +3 | 68 +4] 42 +7 _— 24+5 | 46+ 4) 30+6 — 2/2 
Adrenalectomized, Glucose 
Carbutamide...| 80 200 80 175 95 80 100 _ 2/4 
2259) RP Weer. sor 79 +7 |301 + 13/184 + 12 — 245 + 14/212 + 3/255 + 10 _ 2/2 


Adrenalectomized, Hydrocortisone 
a ee ee a A 


Carbutamide...|103 + 11] 67 +7] 53 +4] 46+3]574+9]|65+6| 7444] 84 0/3 
2259) RP ieee 89 +9 | 47 +7 | 31 + 10 —_ 49 + 20 — _ _— 2/2 
Adrenalectomized, Cortisone 
225U RPS. chests 102 + 15) 73 + 26] 51 +7 _ 69 + 15] 48 + 6} 70 ede eile at yl 4) 4 


injection of 2259 RP. In all cases, the initial blood sugar level was lower 
than in the normals; the maximum effect was observed 114 to 2 hr. after the 
administration of the drugs; that is, more rapidly than in normals. 

The usual symptoms were observed, but weakness was more intense than 
in normal animals. Drowsiness or even a semicomatose condition was seen 
in some of the hypophysectomized dogs; others showed abnormal gait or inco- 
ordination of movements, and it was difficult for them to stand. Two of 
these dogs had transient convulsions, and one died after a prolonged coma of 
24 hr. 

There is a remarkable contrast between the moderate hypersensitivity of 
hypophysectomized animals to sulfonyl compounds and the exaggerated 
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hypersensitivity they show to insulin (0.1 units/kg.), which provokes severe 
convulsions in 1 to 19 hr. that disappear after glucose administration. 

Adrenalectomized dogs. Adrenalectumized dogs showed an extraordinary 
sensitivity to the hypoglycemic and toxic action of the sulfonyl compounds. 
‘The blood sugar fell rapidly, reaching very low levels after 1 to 2 hr. (TABLE 1, 
FIGURE 1). The animals presented tremor, prostration, intense convulsions 
with opisthotonos, and coma. Almost all of them died (8/9 dogs) in 2 to 
4hr. Only one dog, injected with IPTD, recovered spontaneously in 7 hr. 
but it died the next day. Two animals injected with 2259 RP had a 
transient improvement (between 2 and 4 hr.) but died 18 and 22 hr. later, 
respectively. 

Two dogs in which the operation was not complete (a quarter of the adrenal 
had been left) presented intense transient symptoms after being given 2259 
‘RP, but they recovered and survived. 

Six-adrenalectomized dogs injected intravenously with 200 mg./kg. of the 
sulfonyl compounds (4 with carbutamide and 2 with 2259 RP) received glu- 
cose treatment. The animals were given 3 gm./kg. of glucose I.V. 15 min. 
prior to administration of the hypoglycemic compounds and then 1.5 gm./kg. 
every hour thereafter. Two adrenalectomized dogs given twice-hourly glu- 
cose injections after carbutamide remained symptomless during 3 hr. Later, 
hypoglycemia appeared: there was an average blood sugar level of 37 mg./100 
mil. in the fourth hour and 15 mg./100 ml. in the fifth. The animals died in 
convulsions and coma 5% hr. after the initiation of glucose. treatment. 


Hours 
—lIntact --Hyphex _— ----Pancrex -- Adrenex 


e ‘Ficure 1. Action of sulfonyl compounds on the blood sugar level of dogs (a, carbut- 
amide(BZ-55); 6, IPTD; ¢, 2259 RP; d, tolbutamide; e, 0.1 N NaOH). 
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TABLE 2 t 

ActIon or SULFONYL CompouNnDs GIVEN INTRAVENOUSLY (200 mc./xKG.) Ha 
ON THE Bioop SucaR (mc./100 mL.) or Docs ri 

Hours Died 

in 24 

he hours 

0 0.5 1 135: 2 4 6 , 

; 

Depancreatized - ’ 

. 4 | 
Carbutamide. |234 + 12/217 255, + 15/233 231 + 3 |228 + 12213 + 10} 0/ ; 
IPTD..... ‘e 275 +40| — |243 + 31/240 + 40/240 + 35/258 + 37/260 + 39] 0/2 — 
DI SOR R Eee 314 + 46/285 + 25)289 + 33) — 269 + 28/234 + 8 |260 + 35| 0/3 : 

: 
Depancreatized, Hypophysectomized b. 
Carbutamide. |273 + 24/270 + 20/263 + 26/267 + 19/262 + 25/261 + 25|257 + 35| 0/3 j 
Tolbutamide. ./239 + 15/229 + 12/234 + 11/249 +9 |229 +5 |238 + 16/240 +10) 0/3 © 
TPAD ae 287 + 43|287 + 45/286 + 53|273 + 38/328 + 34/262 + 38/254 + 40) 0/3 © 
TPR ee ene, 84 — 71 62 57 49 65 0/1 #y 
2259 RP Sn 75 71 56 — 49 42 a= 1/1 | 
& 
Depancreatized, Adrenalectomized : 
Carbutamide. 126 + 23/275 +3. (247 +7 (270 + 4 (263 3 (231 £2 1223 -b Anos 
Tolbutamide. .)293 + 30/298 + 32/311 + 30323 + 27/343 + 20/392 +7 |412 3/3 5 
2250. RP sce —- 181 + 65/166 + 58]161 + 64; 2/3 


238 + a M + 67/197 + 60 


; 

Two adrenalectomized dogs injected with glucose every hour for 5 hr. after __ 
carbutamide administration were symptomless, and survived. The other . 
two injected the same way after receiving 2259 RP were also symptomless for _ 
6 hr., but some hours later symptoms appeared, and they died between 15 __ 
and 18 hr. 

Glucose tolerance curves were performed by M. Gordon in 10 adrenalec- 
tomized dogs anesthetized with chloralose (120 mg./kg.). These dogs 
received simultaneously glucose (3 gm./kg.) and carbutamide (100 to 200) 
mg./kg.). Five adrenalectomized dogs, used as controls, were given glucose 
alone. Ninety minutes later the blood sugar fell much more in the dogs 

treated with carbutamide (from 684 to 154 mg./100 ml.) than in the controls 
(from 880 to 335 mg./100 ml.). No significant increase in liver and muscle 
glycogen was observed in either group. 

Corticoids had some protective action against the hypoglycemic and toxic _ 
effects of sulfonyl compounds in adrenalectomized dogs. Three dogs injected 
subcutaneously with hydrocortisone (5 mg./kg.) 15 hr., and 1 hr. before and 
2 hr. after carbutamide administration, survived, and only one of them showed 
toxic symptoms (TABLE 1). Two other dogs injected with 2259 RP did not _ 
survive, in spite of receiving the same hydrocortisone treatment (TABLE 1). 
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ortisone was also ineffective in preventing the death of two other adrenal- 
ctomized dogs injected with 2259 RP. 

Pancreatectomized dogs. No significant fall in the blood sugar level was 
bserved in 6 pancreatectomized dogs after injections of carbutamide and 
PTD (200 mg./kg.) (TABLE 2, FIGURE 2). Insulin treatment was discon- 
inued 24 hr. before the injections. However, a blood sugar fall (16 and 
‘0 per cent) was observed in 2 of 3 dogs injected with 2259 RP at the same 
lose (TABLE 2). It is worthy of note that, in spite of the absence of hypo- 
rlycemia, pancreatectomized animals presented a toxic picture, with vomit- 
ng, abnormal gait, tremor, and difficulty in standing. Six hours later all 
hese symptoms had disappeared. 

A significant decrease in the blood sugar level was not observed in 8 
nypophysectomized-pancreatectomized dogs with high initial levels injected 
vith carbutamide, tolbutamide, or IPTD (TABLE 2, FIGURE 2). 

In 2 hypophysectomized-pancreatectomized dogs, after 48 hr. fasting and 
with normal initial blood glucose levels, a fall in blood sugar similar to that 
ound in normals was obtained 4 hr. after injection of 2259 RP (—44 per cent) 
pr IPTD (—42 per cent), as shown in TABLE 2 and FIGURE 2. One of these 
dogs was given IPTD per os, 200 mg./kg./day, for 10 days before the experi- 
ment without receiving insulin; it developed anorexia and fasted spontane- 
D usly for 48 hr. No hypoglycemia was observed after a similar I.V. injection 
of IPTD (200 mg./kg.) in 2 pancreatectomized dogs that had not been 
hypophysectomized, but had received the same previous oral treatment and 
had a high initial blood sugar level. 

_ The hypophysectomized-pancreatectomized dogs that had been deprived 
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3 “Ficure 2. Action of sulfonyl compounds on the blood sugar of depancreatized dogs 
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of food and had not received insulin showed intense nervous symptoms lasting, 
4 days, at the end of which they died in coma and with a blood sugar ob 
116 mg./100 ml. . The sensitivity of these dogs to sulfonyl compounds musti 
be attributed to the fact that they had been hypophysectomized and there+ 
fore, due to the lack of pituitary hormones and to fasting, they had normah 
initial blood glucose levels. ; 
Nine pancreatectomized-adrenalectomized dogs were studied (TABLE 2} 
FIGURE 2). In 3 animals injected with carbutamide, a slow fall in the blood: 
sugar, reaching a minimum (—40 per cent) 8 hr. after administration of th 
substance, was observed. The animals survived. A similar slow descent 
(—33 per cent) was observed in the 3 animals injected with 2259 RP. These! 
6 depancreatized-adrenalectomized dogs presented symptoms of depression: 
and tremor, but did not have hypoglycemia and convulsions during the first 
hours as did the animals that were adrenalectomized only. Two of the 3 dogs 
injected with 2259 RP died: 1 of them 22 hr. later, after the animal had 
apparently recovered at 6 hr., and the other 36 hr. later, after anorexia, 
depression, and coma. No fall in blood sugar was found in the 3 depan-: 
creatized-adrenalectomized dogs injected with tolbutamide. One animal f 
died 2 hr., the other two 6 hr. after injection, with the usual symptoms, but 
since they had received similar doses of carbutamide during the preceding § 
days, a cumulative effect may have occurred. The blood sugar rose progres- : 
sively and, when they died, marked hyperglycemia was found (412, 304, and| 
362 mg. per cent). . 


Oral Administration in the Dog ; 


Acute experiment. Oral administration (500 mg./kg.) of any of the 4 cull ' 
fonyl compounds caused a fall in the blood sugar after 1 hr.; reaching a mini: : 
aia between 1 and 4 hr., and thenstarting torise. Absorption was therefore | 
rapid. | 

In adrenalectomized animals given carbutamide in doses of 200 and 500. 
mg./kg., a marked drop was observed in 1 hr. (50 mg./100 ml.); this was more 
marked after 114 to 2 hr. (13 to 17 mg./kg.), and the animals died between 
214 and 3 hr. : | 

Two pancreatectomized animals that had not received protamine insulin | 
for 20 hr. were given 2259 RP, 500 mg./kg. Initial blood sugar levels wer | 
409 and 400 mg./100 ml. A small drop in the blood sugar, 22 and 33 per cent 
respectively, was observed after 2 hr., followed by progressive recovery. 

Repeated administration. Carbutamide, 500 mg./kg., was given daily t 
3 dogs for 2 days. Blood glucose fell to —54 per cent on the fourth to sixt 
days, and then rose slowly, reaching a normal level on the eighth day. 

Four hypophysectomized dogs were treated for 2 days with carbutamid 
(S00 mg./kg./day) and for 4 days with IPTD. The decrease was similar t 
that of the normal animals (45 per cent), but recovery was slower—blood - 
sugar reached a normal level only on the tenth day. The effect was there- 
fore, more prolonged than in the normals. i 

Ina previous paper’ a detailed description of four experiments in dogs was : 
published. The animals were hypophysectomized, adrenalectomized, and 
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rtially pancreatectomized, and they developed diabetes. Carbutamide 
S$ given to 3 of them, and 1 received a single dose of IPTD, 500 mg./kg. 
1ey showed intense toxic symptoms after 4 to 5 hr., and one of them died; 
mptoms lasted 1 to 2 days in the other 2 dogs, in spite of high blood 
gars (528 mg./100 ml. in 1 animal). In these dogs, deprived of the 
ophysis and adrenals, a partial amelioration of the diabetic hypergly- 
mia due to the action of sulfonamides was observed. In addition, although 
ey were not hypoglycemic, they presented nervous symptoms that were 
t relieved by the administration of glucose. 

Prolonged administration. Four pancreatectomized dogs received IPTD at 
ily doses of 200 mg./kg. for 5 days. The blood sugar level of 1 animal 
owed no change; it rose in 2 and transiently descended in1. In summary, 
ere was no fall in the blood sugar level. 

IPTD was administered to 2 hypophysectomized-pancreatectomized dogs 

a dose of 200 mg./kg./day for 6 days. Blood sugar levels remained 
changed. ; 
Four days later, the animals in both groups showed the following symp- 
ms: although they were totally anorexic, they drank water, but sometimes 
ymited it; they had tremor, were depressed and, due to uncoordinated gait, 
eferred to lie down; they did not respond when called. A bloody or mucous 
arrhea ensued, and soon thereafter the animals became comatose. 

Autopsy was performed in 3 pancreatectomized dogs, 2 hypophysecto- 
ized-pancreatectomized, and 1 hypophysectomized-adrenalectomized-pan- 
atectomized dog, killed im extremis. Abundant mucus, spotted with 
lood, was found in the stomach. There were petechiae, edema of the 
jucosa, small superficial ulcerations in the prepyloric area and, in one of the 
nimals, a superficial ulcer of 3 cm. diameter. 

The duodenum was found to be congested, with small superficial ulcera- 
ons; the rest of the small intestine showed some congested areas and small 
itramucosal or submucosal hemorrhages. The large intestine showed a few 
unctate hemorrhages. 

‘The thyroids of 3 pancreatectomized and 2 hypophysectomized-pancrea- 
sctomized dogs, treated with IPTD during 15, 27, 34, 40, and 55 days, 
eighed approximately two and a half times as much as those of controls of 
milar body weight. 


Oral or Intravenous Administration in the Rat 


‘In the normal albino rat, oral or I.V. administration of carbutamide, IPTD, 
yIbutamide, or 2259 RP, at a dose of 200 mg./kg., produced a hypoglycemic 
fect, with no mortality (raBLEs 3 and 4). The hypophysectomized rats, 
jected I.V. with 200 mg./kg., showed lower blood sugar levels than the 
ormals, with a mortality of 3/5 for each one of the two substances tested 
FABLE 3). Three of the rats died between 3 and 5 hr; 3 during the night. 
The adrenalectomized rats showed a marked sensitivity to the hypogly- 
smic and toxic effects of the sulfonyl compounds tested (TABLES 3 and 4). 
he lethal dose of the 4 sulfonyl compounds given per mouth was 200 mg. /kg. . 
yr the adrenalectomized and 4 to 5 gm./kg. for the normals (20 to 25 times 
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more resistant) and was found to be intermediate in adrenal-demedulla 
rats. When these compounds were given intravenously, the blood sugar. 
to 19 to 20 mg./100 ml. in 30 min., and all the animals died with convulsion 
and coma, 30 min. to 1 hr. after injection (TABLE 3). Oral administration ¢ 
the substances to adrenalectomized rats produced a marked drop in the blood 
sugar level 1 hr. later, and the animals died between 1 and 3 hr. after ingestio) 
(raBLE 4). Before dying, they presented tremor, convulsions, opisthotonoss 
and coma. No changes were observed in the blood sugar levels of noni 
injected adrenalectomized animals after 5 hr. of observation. 

Groups of rats were treated with corticoids, given subcutaneously 24 anq| 
2 hr. before, and 5 hr. after, the oral administration of the sulfonyl compounds 
Each rat received a dose of 3 mg. of cortisone acetate or 3 mg. of hydro 
cortisone (cortisol) in0.5 ml. saline suspension, or 3 mg. of deoxycorticosteron y 
(DOCA) in 0.25 ml. sesame oil. The three corticoids diminished the fall in 


TABLE 3 4 
AcTION OF SULFONYL CompouNDs GIVEN INTRAVENOUSLY (200 MG./KG.) j 
ON THE BiLoop SucaAR (mc./100 mL.) oF WuHITE Rats 
Hours i, j 
Drug 24 
0 | 0.5 | 1 2, | 5 | 5 
Normal * 
Carbutamide.| 103 + 4 —- Os 6 _ 66 + 13 
110 58 0 Det apps yes ee PA ea Ik! — 86 + 11 — 39 6 
2259 RPS ae. i LOL 6 — i2 +6 — 46 +6 
Hypophysectomized 8 days 
| 
Carbutamide.| 77 +5 -- 57 +4 — 48 + 6 
SAL Sadl I Di aot 72 +7 a 40 + 6 — S25 7 
, Adrenalectomized 8 days | 
Carbutamide.| 54+5 | 1944] — = Pz 
TPT. 62 +5 20+7 — —_ —_— y 
Tolbutamide.| 55 + 3 aes a = om 
2259 RP..... GAt4} 20 4. & fo ae a ~ 
e Adrenalectomized, Hydrocortisone | 
Controls. .... 123 +5 = 109 +4 | 107+ 5] 112 : 
: a: Ps + = } 
Carbutamide.| 127 +7 | — 23424 1243] 214 ‘ a : ; | 
TED Ao) 110 a 34+17| 2045] 42414] 99 +8 
Tolbutamide.| 108 + 4 = 30+6 | 204+7| 3044 | 4347 
2259 RPO. 106 +4 — Bf Ms oa) 20 + 6 36 +8 50 +7 
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' TaBLe 4 
ACTION OF SULFONYL CompouNDs GivEN By MoutTH (200 mc./xG.) 
ON THE Bioop Sucar (mc./100 mu.) or WHITE Rats 


Hours 
. Died 
Drug in 24 
0 1 2 3 5 Rots 
Normal 
.; ee Boece r ert one SORES We1O I Se) 95eee 7) 11S Se 8604-93) OX6 
rbutamide. 86 +4 ADAG We Zone lel 20) se 2a SGuse a1) > (OA: 
Se ee 90 + 6 ASHE 1291523, eso) e204 4 S8p dal OA 
miputamide............. SO Se aO P23nse tO ee 1924 ee 2 40 ed le OA 
Adrenalectomized 
Mepetamide.o..: 5.2... 82-57 5 teestod and a= — 6/6 
23) ee 7442 14 + 3 — — _ 4/4 
Miputamide...)......... 67 + 8 23 +4 6+ 3 = — 4/4 
Adrenalectomized, Glucose 
POUCA MIC’.. 250.55.) osiet 3 Secs iy Gaile! Toraegon, 1; 0/6 
Adrenalectomized, Corticoids 
‘arb. + hydrocortisone. ..| 127 + 7 2342 1/1243] 214+3/48+6] 0/4 
‘arb. + cortisone........ 844+ 4 AVE PRS) ae $3 22 2) 44 4 5 3/6 
meet DOCA. occ... .: [PREIe) ASP EA gi ods Vols 47 E6252) ce 6-1 3/6 
259 + hydrocortisone....| 78 + 3 AS > 5) | 302: 2) 41,4 5 | 50-6) 0/4 


lood sugar level and prevented death (raBLes 3 and 4). Cortisone and 
éoxycorticosterone prolonged the life of 50 per cent of the animals and saved 
he rest. Hydrocortisone saved all the adrenalectomized animals given any ~ 
f the 4 sulfonyl compounds orally or by injection at a dose of 200 mg./kg.; 
1 spite of having marked decreases in blood sugar, these animals recovered 
nd survived. 

Intravenous administration of glucose into the jugular veins of the adrenal- 
etomized rats had a protective effect. These animals had an initial blood 
agar level of 53 mg./100 ml. After carbutamide administration, they had 
itense hypoglycemia (18 mg./100 ml.) with convulsions, and died. Those 
iven glucose (3 gm./kg.) intravenously 15 min. before administration of the 
rug had a blood sugar level of 33 mg./100 ml. 1 hr. later; they were then 
iven glucose (1.5 gm./kg.) intravenously at hourly intervals for 6 hr. Two 
ours after carbutamide the mean blood sugar level was 21 mg./100 ml., and 
he rats had convulsions that disappeared after administration of glu- 
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TABLE 5 7 
AcTION OF THE SULFONYL Compounps (200 mc./KG. IN 2 ML. 0.1 N NaOH S.C) 
on THE BLoop SucaR LEvEL (mc./100 mL.) IN MALE Toapbs. } 
AVERAGES OF 6 TOADS ee A 
Hours : : 
Drug 7 
0 1 | 3 | 5) | 7g 
—- 
Normal 4 
7 
Sr SR eS oe Bb PR tse Piro Aho 37 + 8 35 +4 414+5 3442 37 +} 
Garbutamidesetscsse- cr 0 ere DR ess BS tee IN dre 39 + 8) 
1 229 6 OP nner re cian ick. ee 45 ees 29 3S DART 197 | 
Molbutamidess.. «aoe crs se 41S Z 29+ 1 16251 ily Ieee | 26 + | 
pO Sone eh AE en ye 3942 | 2843 | 1642 21+2 | 4142— 
Adrenalectomized 24 hours | 
pee Ms Resi ke. Gielen oe 29+5 | 3643 | 3244 290+3 | 3444) 
(Gerdes no naces sak 29° 5 pes 7 1 =ELONS 20a 18 +4 
(NEA RD Ceo mre es ica Ge 20/755 282216 22 Sista 13 +B) 
Tolbutamidess.. «>. ..ah a5 29+5 31 +5 10-2 Veaoll 10 + BF 
DIS OLRIP fewer eae eee 3445 pi Mes i UB eS 6+6 2544. 
| 
Depancreatized 24 hours | 
SNS weiehcens SERS Ch ets wT eos aA ese EON late Yep oa 128 +9 120. + 10 (8132 ee 8 
Cachutamide: ce .. yasne es 135 22 03 | ASS 22 sO ees SOEs 136 +9 
Adrenalectomized-depancreatized 24 hours | 
ae Bea tks ee ee 94+ 8 86 + 6 90 +7 108 + 3 o2+4q 
Garbutamidenas wees eels 944+ 8 90 +9 88 + 18 104 + 25 | 113 + 17 
Adrenalectomized, hydrocortisone 
Carb. + hydrocortisone....| 51 +4 S20 50 +4 | 5245 49 +7 
Hypophysectomized, 24 hours f 
Carbutamide.............. 4043) 3242) 1242 26+5 | 24+4) 
1024 De era ee ne ame ott 40 +5 S25 1441 Dak eo Sole 
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se. The estimations of blood glucose were repeated after 3 hr. (13 mg./100 
L.), 4 hr. (17 mg./100 ml.), 5 hr. (17 mg./100 ml.), and 6 hr. (19 mg./100 ml.). 
n injection of 3 gm. of glucose in 10 ml. was made into the stomach, and all 
e animals survived the subsequent days. 
In rats treated daily for 5 months with sulfonyl compounds, 200 mg./kg. 
tally, the weight of the thyroid was found to be increased by carbutamide 
iverage 60 mg.) and not by tolbutamide (average 34 mg.); the average 
yeight in controls was 30 mg. 

Toads. ‘The 4 drugs produced a marked hypoglycemia after injection, the 
west values being reached in 3 hr. In the hypophysectomized group the 
urves were similar to those found in the normal animals (TABLE 5). 
As in other series, 6 to 7 hr. after the injection of carbutamide the blood 
agar level in the normal group was back to the control value and in the 
ypophysectomized group it continued to be low. ; 

In the adrenalectomized toads, carbutamide produced a profound and pro- 
mged fall of the blood sugar (TABLE 5). Injection of hydrocortisone 
1 mg. 15 hr. and 0.5 hr. before, and 2 hr. after, carbutamide) prevented this 
ypoglycemic action. 
~The sulfonyl compounds had no hypoglycemic action in toads depancrea- 
zed the day before (TABLE 5); the blood sugar level 6 hr. after the drug had 
sen injected was higher than in the group not given the drug. 


SUMMARY AND CONCLUSION 


The 4 sulfonyl compounds studied (carbutamide, tolbutamide, IPTD, and 
259 RP) produced hypoglycemia in dogs, rats, and toads. 
At a dose level of 200 mg./kg., the hypoglycemic effect was slightly more 
rked in hypophysectomized than in normal dogs, but the toxic symptoms 
ere more intense in the hypophysectomized dogs, and 1 of 14 animals died. 
n the hypophysectomized rats the hypoglycemic effect was more prolonged 
nd there was greater toxicity (6/10 deaths) than in the normal (no death 
Be). 
Be rchomized animals of all three species exhibited marked sensitivity 
0 the hypoglycemic and toxic action of the drugs, whether injected or 
igested. 
The action of these substances is contrasted with that of insulin, which 
enerally produces more intense hypoglycemia and more toxic effects in 
BR ivcectomized than in adrenalectomized animals. 
‘The toxic symptoms (convulsions, coma) in the adrenalectomized animals 
isually occurred during hypoglycemia; hourly administration of glucose 
mproved their condition and, when repeated sufficiently, prevented death. 
Tydrocortisone diminished hypoglycemia in rats and toads, and prevented 
leath of all the rats and some of the dogs. Cortisone and deoxycorti- 
‘osterone saved only 50 per cent of the adrenalectomized rats. 
Toxic symptoms (tremor, depression, coma, and death) were observed in 
drenalectomized-pancreatectomized dogs. ‘They were seen in animals with 
Jlood sugar levels above the normal, and were not ameliorated by glucose 


: 
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In depancreatized dogs and toads and in 8 hypophysectomized-depan 
creatized dogs, that is, in animals deprived of all pancreatic tissue, carbu, 
amide and IPTD did not decrease the blood sugar level. Compo f 
2259 RP produced some decrease of blood sugar level (16 and 40 per cent) i 
2 of 3 depancreatized dogs. In 2 fasted depancreatized-hypophysectomizeg 
dogs with normal initial blood sugar levels, IPTD and 2259 RP pide 
decrease (—41 and —43 per cent). . 

In 6 of 9 depancreatized-adrenalectomized dogs rapid and intense blook 
sugar fall, convulsions, and death did not occur; but the animals had a slo 
and moderate decrease of the blood sugar level in 6 to 8 hours and, in spite 4 
the fact that the blood sugar remained above the normal value, 5 anima] 
died, presenting toxic symptoms. 


Reference ; 
Z ‘ : 4 
1, Houssay, B. A. & J. C. PENHOs. 1956. Action of the hypoglycemic sulfonyl com 


pounds in hypophysectomized, adrenalectomized and depancreatized animald 
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THE ROLE OF INSULIN IN THE ACTION OF THE 
HYPOGLYCEMIC SULFONYL COMPOUNDS* 


By B. A. Houssay, J. C. Penhos, E. Urgoiti, N. Teodosio, 
J. Apelbaum, and J. Bowkett 


Institute of Biology and Experimental Medicine, Buenos Aires, and Institute of Physiology, 
Medical School, University of Buenos Aires, Buenos Aires, Argentina 


Effect of Sulfonyl Compounds on Pancreatectomized Animals 


In the preceding paper it was reported that hypoglycemic sulfonyl com- 
pounds did not produce a significant decrease in the blood sugar level in the 
absence of the pancreas (16 depancreatized dogs and 9 hypophysectomized- 
depancreatized dogs). This fact was demonstrated by the intravenous injec- 
tion of carbutamide (1-butyl-3-sulfonylurea, BZ-55), IPTD (isopropylsulfa- 
nylilthiodiazole, 2254 RP), and tolbutamide (1-butyl-3-tolylsulfonylurea, 
D 860, Orinase) in dogs totally deprived of the pancreas and in pancreatecto- 
mized-hypophysectomized animals. These sulfonyl compounds had no hypo- 
glycemic effect on pancreatectomized toads. However, there was a fall in 
blood sugar (— 16 and — 40 per cent) in 2 of 3 pancreatectomized dogs injected 
with 2259 RP (ert.-butylsulfanylilthiodiazole) ; this fall can be attributed to 
a small amount of insulin remaining from that injected the day before or to 
the substance used. 

_ Aclear hypoglycemic effect was observed in 2 pancreatectomized-hypophy- 
sectomized dogs, fasting and with normal initial blood sugar levels. 

In dogs deprived of the pancreas and adrenals no significant decrease was 
observed during the first hours; however, after 6 to 8 hours there was a 
decrease (average —32 per cent). All these animals presented toxic symp- 
toms, and 5 of 9 died 22 to 36 hr. after injection of the drug. The absence of 
initial hypoglycemia observed is characteristic of animals deprived of the 
pancreas, whereas the sensitivity to the toxic effect is due to adrenalectomy. 


7 Reinforcement of Insulin Action in Prolonged Treatment 


_ Four pancreatectomized and -2 hypophysectomized-pancreatectomized 
dogs were used in these experiments. Pancreatectomized dogs were main- 
tained after the operation with subcutaneous injections of protamine zinc 
insulin for 20, 34, and 37 days, respectively, until the wounds were com- 
pletely healed; the animals had good appetites and were in satisfactory gen- 
eral condition. A uniform daily dose of protamine zinc insulin was calcu- 
lated for each dog in order to maintain the blood sugar level between 200 and 
300 mg./100 ml. The animals were fed boiled salted beef, 35 gm. mixed 
with 10 gm. of bread per kg. of body weight. Their appetite was voracious; 
sometimes it decreased when IPTD was given by mouth, and it always 


_* The investigation on which this paper is based was supported in part by a Research 
Grant from the National Institute of Arthritis and Metabolic Diseases, National Institutes 
of Health, Bethesda, Md. 
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decreased when this substance was given without injecting insulin for 2 or 3} 
days. 

Each of the pancreatectomized dogs received the following treatment: first, , 
each was given a daily dose of protamine zinc insulin for at least 10 to 12 days; 
(3 dogs received 1 unit per day, and 1 dog received 2 units per day). Then} 
each received, associated with insulin, a daily dose of IPTD (200 mg. /kg.) 
per os for 7 to 11 days. Later, the dose of IPTD was maintained, but the} 
protamine zinc insulin was reduced to half the dose for 5 to 9 days. Thisi 
treatment was repeated and, finally, IPTD was given alone for 6 to 7 days. 
Insulin plus IPTD was given twice to all the animals except to Dog No. 147, 
to which it was given 3 times (FIGURE 1). 

While insulin alone maintained the blood sugar level between 200 to 300 
mg./100 ml., the addition of IPTD provoked a fall to normal or hypoglycemic 
values (57 a 68 mg./100 ml.). This result was constant and characteristi¢e 
(FIGURE 1). 7 

When insulin was reduced to half-dose and IPTD maintained at the same 
dose, the blood glucose rose again, but reached a lower level than that 
plisecved with the administration of insulin alone (FIGURE 1). When insulin 
was discontinued and IPTD was given alone, the blood sugar level rose or 
remained high (FIGURE 1). The general condition of the animals became | 
worse; one of them died in coma and the others presented anorexia and toxic 
symptoms. An intravenous injection of IPTD (200 mg./kg.) was given to | 
the 3 remaining dogs before sacrifice, but no decrease in the blood sugar level 
was observed during 8 hours. 
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_Ficure 2. Depancreatized-hypophysectomized dog treated with daily injections of 
rotamine zinc insulin and with IPTD by mouth (200 mg./kg./day). 


The hypophysectomized-pancreatectomized dogs were given daily injec- 
tions of 0.25 units and 0.30 units of protamine zinc insulin per kg. of body 
weight, which were sufficient to maintain their blood glucose level between 
200 and 300 mg./100 ml. The addition of IPTD (200 mg./kg. by mouth) to 
the insulin injections produced a fall of the blood glucose to a normal level 
(FIGURE 2). When the dosage of insulin was reduced to a half, the blood sugar 
of Dog No. 150 was maintained at a normal level. When both dogs were 
given IPTD alone, an increase in the blood sugar was observed, and one of 
the animals died. In the other dog, after a 48-hr. fast, a blood sugar curve 
was taken: the initial blood sugar level was normal (84 mg./100 ml.) ; follow- 
ing the intravenous injection of IPTD (200 mg./kg.), a decrease of 42 per 
cent, similar to that in normal dogs, was observed. 

These experiments were carried out by J. C. Penhos, Naide Teodosio, and 
J. Bowkett. 


Simultaneous Injection of Insulin and Hypoglycemic Sulfonyl Compounds 


Two pancreatectomized dogs received rapid injections (into different 
veins) of insulin (0.25 units/kg.) and carbutamide (200 mg./kg.). With 
insulin alone, a maximal fall of 57 and 69 per cent was observed 2 hr. later. 
With insulin and carbutamide there was a maximum fall of 70 and 74 per cent 
2 hr. later. The blood sugar level after 6 hr. was below that seen in dogs 
injected with insulin alone. This experiment confirms similar results 
obtained by Loubatiéres. 


Experiments with Insulin Infusion 


Constant insulin infusion and a single injection of hypoglycemic sulfonyl 
compounds. Experiments were carried out in dogs that received a constant 
infusion of insulin over a 3-hr. period. Five of them were given 0.04 units/ 
kg./hr.; 8 received 0.03 units/kg./hr. The animals were previously anesthe- 
tized with chloralose (100 mg./kg., intravenously). The experiments with 
0.03 units/kg./hr. were carried out by J. C. Penhos and J. Bowkett, and 
those with 0.04 units/kg./hr. by R. H. Migliorini. 
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Three experiments were made on 3 different days on each animal: (1) 
rapid I.V. injection of the hypoglycemic compound, at a dose of 200 mg. /kg., 
dissolved in 10 ml. of 0.1 N NaOH; (2) I.V. injection of insulin during 33 
hours; (3) I.V. injection of insulin during 3 hours but, after 30 min. (Miglio+ 
rini) or 50 min. (Penhos) from the beginning, the hypoglycemic substance 
was rapidly injected at the same dose as in the first experiment. Blood: 
samples were collected from the ear, and blood glucose was determined bj 
the Somogyi-Nelson method. ‘ 

In the experiment in which insulin (0.04 units) and carbutamide (200 mg./ 
kg.) were given, the results were very clear. Carbutamide alone did not 
cause a fall of the blood sugar level in the 5 depancreatized dogs (curve 4,, 
FIGURE 3). With insulin alone (0.04 units/kg./hr.) there was a moderate 
fall, 22 to 39 per cent (average 30 per cent) at the end of the 3-hr. infusion 
(curve 6, FIGURE 3). Then the blood sugar level began to rise, reaching its 
initial level in about 6 hr. In the experiment in which carbutamide was 
injected half an hour after insulin infusion was started (0.04 units/kg./hr.. 
during 3 hr.), the fall in the blood sugar was more marked and sustained, 46} 
to 68 per cent (average 59 per cent) at the end of the infusion (curve ¢,, 
FIGURE 3). The blood sugar level began to rise, but this rise was slower than} 
in the previous case; at the sixth hour it had not yet reached its initial level, , 
being 13 to 39 per cent (average 36 per cent) below it. | 

Eight dogs received 0.03 units/kg./hr. of insulin during 3 hr. The hypo-> 
glycemic substances (200 mg./kg., I.V.) were injected 15 min. after starting ; 
the insulin infusion. The 2 dogs that received 2259 RP and 1 of the 2 dogs} 
that received tolbutamide showed a potentiation of the hypoglycemic action | 
of insulin. On the other hand, in 2 dogs injected with carbutamide and in 2. 
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Ficure 3. Depancreatized dogs 
fusion of insulin (0.04 unit/kg. /hr.) 
injection of carbutamide (200 mg./k 


(a) injected with carbutamide (200 mg./kg.); (b) per- 
for 3 hr.; (c) same perfusion of insulin for 3 hr., will 
g.) 30 min. after starting the perfusion. i 
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ith IPTD, no potentiation of the hypoglycemic action was observed. In 
ummary, in only 3 of the 8 dogs did the hypoglycemic action of insulin show 
n increase. 

Three pancreatectomized dogs received an insulin infusion of 0.05 units/ 

g./hr.,during3hr. Half an hour after starting the insulin infusion, carbut- 
mide was injected I.V. (200 mg./kg.) without observing any reinforcement 
f the hypoglycemic actions of insulin. 
Graduated perfusion of insulin and sulfonamides. Many experiments 
ade since 1928 have shown that the blood sugar level of the depancreatized 
log may be rapidly lowered and then stabilized at a determined level when 
nsulin is perfused first at a larger and then at a smaller dose. The initial 
ose may be: 0.08, 0.05, or 0.03 units/kg./hr. during 214 hr.; then during 
16 hr., an infusion of insulin with half this dose (0.04, 0.025, or 0.015 units/ 
g./hr.) followed by a perfusion for a further 2 hr. with half this last dose 
(0.02, Q.0125, or 0.0075 units/kg./hr.). With the first dose, there is a fall in 
lood sugar; with the second the blood sugar level is maintained; and with 
he third there is a slow increase. 

The rate of insulin infusion most suitable for lowering the blood sugar of 
ach of the pancreatectomized-chloralosed dogs to approximately the normal 
evel value was selected. The object was to obtain and maintain a level of 
blood sugar in which the additional effects of carbutamide were observable. 
This effect would be absent in cases in which the insulin infusion was insuffi- 
cient or excessive. Forty-eight hours after the initial perfusion with insulin 
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Ficurr 4. Blood sugar level of dogs under chloralose anesthesia (120 mg. /kg.) receiving 
a constant infusion of insulin at 3 rates. The black mark indicates injection of carbutamide 
(200 mg./kg. in-1 hr.?. 
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TABLE 1 
Perfusion of insulin Carbutamide Blood sugar 
Unit /kg./hr. Mg./kg. 

Dog 
oe 0 to 214 to 314 to Between 214 | Initial level | Fall 
21% hours | 314 hours | 6 hours | and 33g hours | Mg. /100 ml. % 
0.08 0.04 0.02 nt 309 62 
148 0.08 0.04 0.02 200 354 74 
0.05 0.025 | 0.0125 a= 194 48 
155 | 9.05 0.025 | 0.0125 200 296 61 
0.05 0.025 | 0.0125 a 227 58 
156 | 9 05 0.025 | 0.0125 200 286 38 
0.05 0.025 | 0.0125 a 324 58 
151 | 9.05 0.025 | 0.0125 200 310 69 
0.05 0.025 | 0.0125 as 224 41 
147 | 9.05 0.025 | 0.0125 200 316 59 
0.03 0.015 | 0.0075 cs 344 45 
156 | 9 03 0.015 | 0.0075 200 263 78 
0.03 0.015 | 0.0075 pe 317 56 
157 | 9.03 0.015 | 0.0075 200 335 74 


alone, a similar one was performed, but carbutamide was injected betwee 
2% and 314 hr. after starting the experiment. 


sugar; there was only one negative result (Dog No. 156). A more rapid fa 
in the blood sugar level was observed after injecting carbutamide (FIGURE 4 
and TABLE 1). Furthermore, after 4 hr., when the animal received the 
third and lowest dose of insulin, the rise was slower than in the animals — 
injected with carbutamide. 


These experiments were carried out by J. C. Penhos, Naide Teodosio, and 
J. Bowkett. 


Insulin and Hypoglycemic Sulfonamides in Eviscerated Dogs 


With E. Urgoiti we carried out experiments in dogs deprived of all the’ 
abdominal viscera: digestive tract (from the anus to the cardia), urinary 
tract, liver, spleen, pancreas, and adrenals. The animals were under 
chloralose anesthesia (120 mg./kg., I.V.) and presented a good general condi- 
tion until they were sacrificed 6 hr. later. 

The first group of 3 controls received an infusion of insulin (0.015 units/ 
kg./hr.) and glucose (150 mg./kg./hr.) during 6 hr. In 2 dogs, the blood 
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Ficurr 5. Eviscerated dogs under chloralose anesthesia (120 mg./kg.). Left: con- 
tant infusion of insulin (0.015 unit/kg./hr.) with glucose (150 mg./kg./hr.) for 6 hr. 
fiddle: Glucose (150 mg./kg./hr.) for 6 hr. and tolbutamide (100 mg./kg. in 1 hr.). 
ight: Insulin (0.15 unit/kg./hr.) and glucose (150 mg./kg./hr.) for 6 hr.; the mark indi- 
ates when tolbutamide was injected (100 mg./kg. in 1 hr.). 
ugar level was maintained and, in the third, it increased to double the initial 
evel (FIGURE 5). 
Four dogs received the same treatment, with the addition of a perfusion of 
sodium to]butamide (100 mg./kg.) from the end of the first hour to the end of 
af second. In all the dogs administration of tolbutamide produced a fall in 
he blood glucose level i 37, 56, and 57 per cent). This lowered level was 

aintained during 1, 144, and 3 hours (ricuRE 5). The fall in the blood 
sugar may be attributed to the simultaneous effect of insulin and tolbutamide. 
The latter, by itself, did not produce a fall; on the contrary, it produced a — 
progressive increase throughout the experiment (FIGURE 5). 

_ In summary, the association of insulin with glucose and the association of 
tolbutamide with glucose did not produce a decrease in the blood sugar level 
at the doses employed. Tolbutamide had a hypoglycemic effect when 
administered with insulin and glucose. This effect was obtained in the 
absence of all the abdominal viscera. 


| 


Injection into the Pancreatic Artery 


Prhese experiments were carried out by E. J. Urgoiti in 65 dogs. The 
animals were under chloralose anesthesia (120 mg./kg.). The duodenum 
was ligated where it separates from the caudal end of the head of the pan- 
creas; then the inferior pancreatic duodenal artery, a branch of the superior 
mesenteric artery, was ligated. The choledochus was cut; a strong ligature 
was placed on the hepatic pedicle, leaving out the portal vein. The splenic 
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artery was tied near the pancreas; all the vascular branches going to th 
stomach and the left coronary gastric artery were also tied. 

An extremely thin polyethylene catheter was inserted into the spl 
artery up to the origin of the hepatic artery. The solution was infuse 
through this catheter at a rate of 5 ml./kg., in 10 to 20 min. (average 15 min. 
and mixed with the blood circulating through the hepatic and splenic arteries 
going only to the pancreas, pylorus, and duodenum, and returning to th 
portal vein. ; 

Glucose levels were determined in the carotid blood pe to laparotomy 
at the beginning and at the end of the infusion, and after 14, 1, 114, 2, 3,% 
5, and 6 hr. 

Many experiments were done using sodium tolbutamide dissolved in de 
tilled water (pH 7.3). Other series were done with IPTD, carbutamide, anc 
tolbutamide dissolved in 0.1 V NaOH. :. 

Insertion of the catheter alone produced no significant variations in tha 
blood glucose level; the drops seen were never greater than 10 to 16 per cen 
(FIGURE 7). | 

Sodium tolbutamide solutions were neutral (pH 7.3). The doses injectec 
varied between 2.5 and 100 mg./kg. of body weight. The largest number 0 
experiments was done with 12 mg./kg. (FIGURE 6). In addition to the dogg 
in which the substances were injected into the pancreatic artery, other¢ 
received the substances into the saphenous and/or the portal vein. 

As can be seen in FIGURES 6 and 7, no significant differences were observe: x 
between the fall of blood sugar in dogs injected into the pancreatic artery on 
the saphena; these experiments did not demonstrate a stronger effect in thos 
animals injected into the pancreatic artery. ; 

Experiments carried out with substances dissolved in NaOH (0.1 V ) were 
not conclusive because the NaOH alone produces a marked fall in bloo 
sugar, although this is slightly less than that produced by sulfonyl compounds 
(FIGURE 7). Although alkaline sulfonyl solutions produced greater descent 
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Ficure 6. Fall of blood sugar level (mg./100 ml.) in dogs under chloralose anesthesia | 


(120 mg./kg.). PA, arterial intra I 
pancreatic injection of tolbutamide; Ie 
injection; SV, saphenous vein injection. MP et ve 
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SIGURE 7. Fall of blood sugar level (mg./100 ml.). PA, arterial intrapancreatic injec- 
of sulfonyl compounds dissolved in 0.1 N NaOH; PV, portal vein injection; SV, saphe- 
iS vein injection. 


1en injected into the pancreatic arterial blood than when they were injected 
o the saphena or the porta, it was not possible to assert statistically that 
ese substances stimulate the pancreas specifically. 


Summary and Conclusions 


@ It was reported in a previous paper that in 16 depancreatized dogs and 
ads and in 9 hypophysectomized-depancreatized dogs—that is, in animals 
prived of all pancreatic tissue—the injection of hypoglycemic iad com- 
uunds did not decrease the blood sugar level, but some decrease (16 and 
/}mg. per cent) was observed in 2 of 3 totally depancreatized dogs injected 
th 2259 RP. In 2 fasting depancreatized-hypophysectomized dogs with 
mal initial blood sugar levels, the injection of IPTD and 2259 RP produced 
typical hypoglycemia. 

(2) In depancreatized-adrenalectomized dogs the compounds did not 
crease the blood sugar in the first hours as in the normal dogs, but there 
is a decrease (average —32 per cent) after4to6hr. The toxic symptoms 
re marked, and 5/9 dogs died before 24 hr. 

(3) A series of experiments was carried out in which carbutamide was 
ministered orally for many days to 4 depancreatized and 2 hypophysecto- 
ized-depancreatized dogs. The blood sugar level maintained by insulin 
00 to 300 mg./100 ml.) was decreased to normal or subnormal levels by the 
al administration of IPTD. With smaller doses of insulin, the effect was 
complete and, without insulin, the IPTD alone was unable to control the 
e of blood sugar. The reinforcement of the action of insulin by IPTD was 
nstantly obtained 9 times in the 6 dogs. 

(4) In 2 depancreatized dogs the fall obtained by injection of insulin and 
rbutamide was greater than that obtained with insulin alone. 

(5) Intravenous infusion of insulin was performed in 14 depancreatized 
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dogs (under chloralose anesthesia) during 3 hr. The same experiment Wy 
repeated and injections of carbutamide (200 mg./kg.) were made 30 m ni 
after the beginning. In 5 dogs perfused with 0.04 units/kg./hr. of insuli 
carbutamide reinforced the hypoglycemic action of insulin given alone, b 
_ in animals perfused with 0.03 units/kg./hr. of insulin, it increased the instil 
hypoglycemia in only 3 of 8 animals. : 

(6) Perfusions of insulin were done in depancreatized dogs (chloralog 
anesthesia). The rate of perfusion was established so as to obtain an init 
rapid decrease of blood sugar to the normal level and to maintain it at th 
level. The initial dose was 0.08, 0.05, or 0.03 units/kg./hr. during 214 hn 
then, for the next 114 hr., these doses were reduced to one half and the pe 
fusion maintained; later, these doses were again reduced to one half, and tl 
blood sugar began to rise slowly. 

The experiment was repeated 48 hr. later, but from 214 to 314 hr. aft 
the beginning of the experiment carbutamide (200 mg./kg.) was perfused } 
another vein. In 6 of 7 cases, the fall in blood sugar was more intense wh 
carbutamide was perfused during the insulin action. 4 

(7) When eviscerated dogs were perfused for 6 hr. with glucose (150 
kg./hr.) and insulin (0.015 units/kg./hr.), the blood sugar level was maii 
tained or increased. During perfusion of glucose and injection of sodiu: 
tolbutamide (100 mg./kg. in 1 hr.) the blood sugar rose and no hypoglycem# 
action was observed. However, in eviscerated dogs perfused with gluco: 
and insulin, injection of sodium tolbutamide produced a blood sugar fall. 

(8) All ese experiments show that the hypoglycemic sulfonyl compoun 
are active in the presence of insulin in depancreatized or eviscerated de ed 
The action is obtained only with sufficient dosage and duration of action | 
insulin, and only when there is an appropriate relation between the dosag¢ 
of insulin and the sulfonyl compounds. 

(9) The experiments with intrapancreatic (arterial) injection of sulfone} 
compounds were not conclusive. 


THE EFFECT OF TOLBUTAMIDE ON INSULIN-I!# 
DEGRADATION IN THE EXTRAHEPATIC TISSUES* 


By Arne N. Wick, Marvin Karasek, and Barbara Britton 
Scripps Clinic and Research Foundation, La Jolla, Calif. 


‘The physiological significance of the degradation of insulin-I'*! that is 
served after its injection in animals is not known. However, the high rate 
destruction of insulin-I'*! (and presumably of insulin) that has been 
orted strongly suggests that the rate of insulin degradation may con- 
bute, under some conditions, to the diabetic state in man.! It is well 
ablished that tolbutamide and carbutamide inhibit insulin-I'*! degrada- 
n im vitro; * however, the significance of these results with respect to the 
fact animal has been questioned. Although much information has been 
ovided by Mirsky, Williams and their co-workers and by others regarding 
e degradation of insulin-I'*!, most of the detailed studies have been either 
th the intact animal or with isolated kidney and liver systems. In this 
yper no attempt will be made to review the extensive literature pertaining 
insulin-I'*! degradation. However, it may be stated that, for all practical 
rposes, no data are available for the extrahepatic tissues. In a previous 
per® we reported on the validity of insulin-I'*! studies in the eviscerated 
bit preparation. These studies included the effect of carrier on insulin-I?*! 
gradation and the relationship between circulating insulin-I’*! and bio- 
ical activity. It was concluded from these studies that the system that 
grades insulin-I'*! does not distinguish between insulin-I!*! and natural 
ulin. Similar conclusions had been reached by other workers employing 
er test preparations. We showed also that there was a close relationship 
tween circulating insulin-I'*! and biological activity. Since the above 
sults indicated that studies with insulin-I’*! were of real value in our test 
eparation, we have extended these studies to include the effect of tolbut- 
nide on insulin-I'*! degradation. 

Tn this study two types of rabbit preparations were employed. In some 
periments the animals were eviscerated, but the kidneys were left intact. 
ar previous work had shown that the kidneys appeared to be the most 
\portant site of insulin-I'*! degradation. In other experiments eviscerated- 
phrectomized animals were used. These animals have a much slower rate 
insulin-I!*! degradation. The insulin-I’*! degradation was measured from 
e circulating plasma by the usual 10 per cent trichloroacetic acid (TCA) 
ecipitation procedure. In this procedure it is assumed that the insulin-I*** 
precipitated by TCA and that the degraded products are TCA-soluble. 
ie details of the experimental procedures have been reported elsewhere.® 
In TABLE 1 are data showing the effect of tolbutamide on insulin-I'*! 
* The investigation on which this paper is based was supported in part by research 
unt No. 291(C.) from the Division of Research Grants and Fellowships, National Insti- 


tes of Health, Bethesda, Md. ‘ 
The insulin used in this work was contributed by the Lilly Research Laboratories, 


dianapolis, Ind. os “ 
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TaBLeE 1 
Errect oF TOLBUTAMIDE ON INSULIN-I18! DEGRADATION IN 
EvisCERATED-NEPHRECTOMIZED RABBITS a 7 
Results Expressed as Percentage of Total Plasma Radioactivity Not Precipitable by 


RN 


Trichloroacetic Acid : 
a 
Insulin-I}%! (0.2 unit/kg.) | Insulin-I!#! + 200 units/kg. Insulin } 
Hours : i 
Control Tolbutamide* Control Tolbutamide* i 
Exp. 583 Exp. 588 Exp. 608 Exp. 609 
0.5 16 12 5 8 { 
1 33 30 | 11 14 : 
2 58 53 . 26 24 } 
3 Tf 75 32 35 ; 
4 75 79 44 43 : . 


* Tolbutamide (250 mg./kg.) was given intravenously as the Na salt 15 minutes befo« 
the administration of the insulin-I1*!. 


TABLE 2 7 

EFFECT OF TOLBUTAMIDE ON DEGRADATION OF INsULIN-I!%! wiTH CARRIER INSULIN ©) 

EvISCERATED RABBITS WITH INTACT KIDNEYS H 

Results Expressed as Percentage of Total Plasma Radioactivity Not Precipitable by ' 
Trichloroacetic Acid 


Insulin-I!#! + Insulin (200 units/kg.) 


Hours Control Tolbutamide* 
Exp. 610 Exp. 611 
0.5 15 15 
1 35 44 
2 65 on (ht) 
3 76 79 
4 78 80 


ED 


* Tolbutamide (250 mg./kg.) was given intravenously as the Na salt 15 minutes befo p 
the administration of insulin-I'*! and natural insulin. 


degradation in eviscerated-nephrectomized animals. In experiment 583 art 
588 physiological amounts of insulin-I'*! (0.2 unit/kg.) were administere! 
intravenously. The tolbutamide (exp. 588) was administered at the rela 
tively high dosage level of 250 mg./kg. about 15 minutes before the adminid 
tration of insulin-I'*!, It is apparent from the data that tolbutamide dod 
not alter the rate of insulin-I'*! degradation. 

Experiments 608 and 609 were carried out in a similar fashion except tha 
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utural insulin (200 units/kg.) was added as carrier to the insulin-I!3!, 
Ithough the rate of degradation is decreased to a considerable degree by the 
esence of the carrier insulin, no lowering in the degradation rate of the 
sulin-I'*! was observed in the presence of tolbutamide. 

In TABLE 2 are data obtained with eviscerated animals with intact kidneys. 
atural insulin as carrier was added to the insulin-I"*!._ Again it is apparent 
at the administration of tolbutamide does not influence the rate of insulin- 
31 degradation. 

Summary and Conclusions 


The effect of tolbutamide on insulin-I'*! degradation has been examined, 
ing the eviscerated-nephrectomized rabbit and the eviscerated rabbit with 
tact kidneys. 
The administration of tolbutamide intravenously 15 minutes before the 
jection of insulin-I'*! did not influence the rate of insulin-I!*! degradation. 
From ‘these studies we conclude that it is unlikely that the hypoglycemic 
tion of tolbutamide can be explained by an inhibition of the mechanism 
at degrades insulin. 
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THE RESPONSE OF KIDNEY, LIVER, AND PERIPHERAL 
TISSUES TO TOLBUTAMIDE AND INSULIN* ; 
| 


By Harold Elrick and Robert Purnell 


ines 7 a - 
Radioisotope Service and Research Laboratories of Veterans Administration Hospital, a: 


Department of Medicine, University of Colorado School of Medicine, Denver, Colo. 


_ 


Little or nothing is known about the physiological activities of the sulfony, 
urea compounds other than their hypoglycemic effect. In the course : 
recent investigations it was found that both tolbutamide (Orinase) ar 
insulin produce a marked depression of phosphate excretion by the kidne: 
In addition, it was found that tolbutamide depresses liver function in t 
dog, as measured by bromsulphalein (BSP) clearance; no comparable effe¢ 
was observed in the normal, diabetic, or cirrhotic patient. Finally, as he 
been reported previously, tolbutamide does not influence peripheral glucos 
utilization in normal or diabetic patients. In the present paper, these fina 
ings are presented in the reverse order. i 


Effect of Tolbutamide on Peripheral Glucose Utilization | 


Insulin increases the utilization of glucose by peripheral tissues, and a tecl 
nique that adequately demonstrates this action in the human has bee¢ 
reported from this laboratory.? The effect of tolbutamide in this experi 
mental system was studied in 13 normal and in 6 diabetic patients. 1 
increase in A-V/Af values was observed following tolbutamide,! whereas | 
significant increase in this measurement did occur after insulin.” ; 

In another group of studies, 7 mild diabetics were given tolbutamide ora 
for 10 to 14 days following a control period of 7 to 14 days on constant did 
alone.’ All patients responded by a fall of blood sugar to or toward norma 
level and by a sharp reduction in glycosuria. Oral glucose tolerance test 
with simultaneous arteriovenous glucose and serum (venous) phosphoru 
determinations were done before, during, and after tolbutamide administra: 
tion. Tolbutamide did not alter the shape of the glucose tolerance or phos 
phorus curves; these remained diabetic in type. Nor did tolbutamide affec 
the arteriovenous glucose differences significantly. | 


The results of both the acute and prolonged experiments are considered 
indicate that tolbutamide has no enhancing (insulinlike) effect on the peripht 
eral utilization of glucose in normal or diabetic subjects. The possibility thag 
tolbutamide causes the release of endogenous insulin is not excluded by thes’ 
findings. It is conceivable that the action of exogenous insulin differs so 


what from that of the endogenous hormone by reason of its preparati 
and/or route of administration. 


ng Supported by a grant from The Upjohn Company, Kalamazoo, Mich. 
+ Arteriovenous glucose difference/arterial glucose concentration. It has been shows 
that A-V/A values are an adequate index of the rate of peripheral glucose utilizatior 
under the experimental conditions employed here.’ | 
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Effect of Tolbutamide on Bromsulphalein Clearance 


During the course of experiments in the unanesthetized trained dog, a 
creased bromsulphalein (BSP) clearance by the liver was noted following 
ravenous tolbutamide.' A summary of these data is given in TABLE 1. 
€ decrease in BSP clearance occurred in all animals tested and was of con- 
erable degree; the mean increase in portal-vein plasma BSP level follow- 
tolbutamide was 124 per cent, with a range of 59 to 202 per cent. Con- 
1 experiments in 2 animals using sulfadiazine instead of tolbutamide 
ealed no significant change in portal-vein BSP levels (—2 per cent and 
3 per cent respectively). These results suggested that tolbutamide causes 
impairment of liver function in the dog. Accordingly, similar studies 
sre carried out in 3 groups of patients: (1) 12 men without clinical or 
oratory evidence of diabetes or liver disease; (2) 6 diabetic patients; and 
) 8 patients with clinical and laboratory evidence of cirrhosis of the liver. 
All subjects were tested under standardized basal conditions in a special 
om after a fast of 12 to 14 hours. An intravenous loading dose (100 or 
mg.) of BSP was administered, followed by a constant infusion (Bowman 
mp) of BSP in 5 or 10 per cent dextrose for a period of 70 to 130 min. 


TABLE 1 
Tse EFFECT OF TOLBUTAMIDE ON PLASMA BROMSULPHALEIN (BSP) LEVELS 
IN THE Doc 


— 


BSP level (mg. %) 
ange Per cent change in BSP level 
0. 
Control | After tolbutamide 
! 1 al | 3.36 +59 
2 Tes2 2.87 +67 
3 fein 2.63 +125 
4 1.78 4.47 +151 
a 5 1.40 4.23 +202 
6 1250 3.38 +125 
ih 1525 2.79 +181 
8 WHS 4.32 +147 
9 0.58 0.94 + 62 
10 1.28 Qe +117 
; Control | After sulfadiazine 
yi 
11 0.94 0.92 — 2 
12 1.50 1.55 + 3 


Plasma samples were obtained from the portal vein (London cannula). BSP was infused 
‘a constant rate throughout all experiments. The values given are averages of all con- 
ol Ps experimental levels, respectively, corrected for minor changes in BSP infusion rate. 
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TABLE 2 


THe EFFECT OF TOLBUTAMIDE ON PLASMA BSP LEVELS IN THE HUMAN 


Plasma BSP levels Mg. % 
Time (min.) 


BSP BSP 
Subject | load} infusion 
Mg. | Mg./min. 
pals ; 
aco Eee 200 4.4 4.0) 2.9/2.3 |2.3 |2.57|2.4 |2.3 |2. 412.4 
PR 200 4.7 2.5) 1.1/1.1 |0.7 |0.8f|0.7 |0.7 |0. .7|0.6 
JAR Ares 200 4.7 2.0} 1.0/0.8 |0.8 |0.8 |0.8}/0.7 0. .6|0.6 
RS 544% 200 4.9 2.1] 1.2/1.0 |0.8 |0.9f|0.9 |0.9 j0. ; 
Willer. 160 4.4 158) eA et ON EO fie tte 1.0)1.0 
HiGe awe 200. 4.8 4.6] 3.4/2.6 |2.4f 129511, 2.0/2.0 
iol ioe 200 3.1 0.6] 0.6/0.7 |0.6 |0.5 |0.57 0. 0.5/0.5 
TECH. 200 S12 FS ATID ONS tiie" flO JOze10; 0.0 
JLGe 200 ea 2.1) 0.9/0.6 |0.6 |0.7 |0.7 |0.7 |0. 0.6 
J Gia 200 5.0 2.6} 1.5]0.8 |1.1 |1.0 |1.0F|1.0 |1. 0.9 
(OAR ace 200 a5 1.5)-0.5]0.5 |0.4 |0.4 |0.4 |0.3 |0. 0.1 
Be: 200 3.8 10.7| 8.9/2.9 |2.0 |2.0 |1.6 {1.6 |1. 1.0 
DB 200 Sez 2.5} 2.6/3.0 |2.8 |2.6f|2.6 |2.6 |2. 2.4 
Diabetics 
[Rea 200 3.4 5.0) 3.2/1.1 |1.0 |0.6 |0.77|0.3 j0. 
ELBooe 200 Sar 12.6] 4.0]1.1 |0.57/0.4 |0.4 |0.4 |0. 
RSs nee 200 Selo 4.6| 3.41.8 |2.77|2.7 |2.8 |2.7 |2. 
puY Sate 200 3.1 1.8} 1.2/0.9 |1.0 ]1.0F/1.0 [1.1 1. 
EM os 200 4.5 1.9] 1.1/0.9 |0.8 |0.9 |0.9F/0.8 0. 
iso soek = 200 3.1 1.2) 0.9/0.8 |0.8 0.7 |0.77|/0.3 0. 
Cirrhotics 
T Wier 100 Bail 10.1} 7.515.0 |3.3 |3.1 |3.5f]3.6 |3. 
A\ Wiese 100 Sia 17.2/13.0/8.8 |5.3 |4.1 |4.1 |4.1 4. 
130 eae ae 100 Sz 4.0) 4.1]4.4 14.7 |5.3 |6.1 |6.67|7. 
PDs oe. 100 5.0 1127) 9201673: 1552155" 1G SOF le, 
KS, Sear 200 3.4 4.2! 1.0/0.5 |0.77|0.7 |0.0 |0.0 JO. 
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Note the relative constancy ‘of s venous plasma BSP levels i in all patients: whether or n 
tolbutamide was administered, in contrast to the findings in the dog (TABLE 1). 1 
elevated initial values (first 30 min.) are due to the loading dose of BSP. 

* Control experiment: no tolbutamide administered. 

+ Administration of tolbutamide (Orinase Sodium) intravenously. 


Blood samples for glucose and BSP analysis were drawn through an indwe 
ing needle (antecubital vein) at 10-min. intervals, 30 to 60 min. before 
and 40 to 90 min. after a single intravenous dose (1.5 to 2.5 gm. ) of Orinase 
Sodium.* Blood sugar determinations were performed in duplicat 


* Kindly supplied by C. J. O'Donovan, The Upjohn Company, Kalamazoo, Mich. 
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FicureE 1. The effect of tolbutamide on plasma BSP in a normal patient. Note the 
constancy of the BSP level following tolbutamide. The hypoglycemic effect of the tolbut- 
amide is partially offset by the high glucose infusion rate. 
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Figure 2. The effect of tolbutamide on plasma BSP in a patient with diabetes. Note 


the lack of change in BSP level following tolbutamide. 


‘by the Nelson-Somogyi method.‘ Plasma BSP levels were determined 


spectrophotometrically.® 
_ The data on all cases are summarized in TABLE 2. Examples from each of 


‘the three groups of patients are shown in FicurEs 1, 2, and 3. Six control 


experiments in which no tolbutamide was administered were done. The 


‘results in all subjects studied were similar: plasma BSP levels remained 


vessentially constant. ‘The data indicate that tolbutamide does not influence 
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Figure 3. The effect of tolbutamide on plasma BSP in a patient with cirrhosis. Not 
the absence of effect of tolbutamide on BSP clearance even in the presence of well-marked — 
cirrhosis of the liver (evidenced by the persistently elevated BSP levels). The blood — 
sugar response to tolbutamide is marked. 


the clearance of BSP in man, even in the presence of well-marked cirrhosis of 
the liver. The lack of agreement between dog and human data is probably 
due to a species difference in response to or in metabolism of tolbutamide. 
It may be that in the dog tolbutamide and BSP compete with each other for - 


biliary excretion. Such a competition has been observed between BSP and 
decholin.® | 


Effect of Tolbutamide on Renal Excretion of Electrolytes ; 

The action of tolbutamide and insulin on the renal clearance of electrolytes _ 
was studied in 5 nondiabetic patients with normal renal function. Standard — 
renal clearance techniques with 10-min. urine collection periods were | 
employed. The subjects were given a liter of water at the onset and frequent 
additional water during the experiment to maintain adequate urine flows (7). 
to 14 ml./min.). Each experiment consisted of 3 periods before, and 4 to 7 > 
periods following, the administration of tolbutamide or glucagon-free insulin.* 
In 3 subjects insulin was added to the constant infusion of normal saline ina _ 
dose of 0.1 units/min.; in 2 subjects tolbutamide (Orinase Sodium) was — 
administered intravenously in a dose of 1.5 or 2 gm. over the course of 5 or 6 j 
min. Sodium and potassium were analyzed with the Beckman flame 
photometer, chloride by the method of Van Slyke and Hiller,’ creatinine by : 
the Jaffe reaction,’ and inorganic phosphate by the method of Fiske and 
SubbaRow.® 

The data from these studies are given in TABLE 3, and typical experiments 


* Kindly supplied by O. K. Behrens and W, R. Kirtley of the Eli Lilly Co., Indianapolis, | 
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Ficure 4. The effect of tolbutamide on phosphate clearance. Note the striking fall 
in phosphate clearance and the decrease in serum phosphate level. 
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Ficure 5. The effect of insulin on phosphate clearance. Note the parallelism between 
blood sugar and phosphate clearance, as well as the fall in serum phosphate level. 
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are shown in FIGURES 4 and 5. Both insulin and tolbutamide resulted in a 
striking reduction of phosphate clearance, a fall in plasma phosphate and 
potassium, and inconsistent or minor changes in clearances of sodium, chlo- 
tide, potassium, and creatinine. None of the subjects exhibited clinical signs 

or symptoms of hypoglycemia, although blood sugar levels fell to a range of 
32 to 59 mg. per cent. 

The results show that insulin and tolbutamide have similar effects on the 
renal clearance of electrolytes and on plasma electrolyte levels. The fact 
that creatinine clearance remained constant indicates that the marked effect 
on phosphate excretion is not due to changes in renal hemodynamics. 
Studies from this laboratory have shown that renal phosphate clearance 
exhibits a significant positive correlation with blood glucose level.!° In addi- 
tion, recent experiments indicate that the decrease in phosphate clearance is 

due to the fall in blood glucose rather than to insulin per se, and that the 
serum phosphate fall is a relatively unimportant factor in the decreased phos- 
phate clearance." 

Concluding Remarks 


Studies on the action of tolbutamide (Orinase) on peripheral glucose util- 
ization, on hepatic BSP clearance, and on the renal clearance of electrolytes 
in normal, diabetic, and cirrhotic patients have been described. The data 
show that tolbutamide does not resemble exogenous insulin in its effect on 
peripheral glucose utilization, whereas it does simulate insulin action on the 

_kidney. The impaired BSP clearance by the liver, previously reported in 
the dog, was not observed to occur in man. It is concluded that the action 
of the hypoglycemia-producing sulfonylurea compounds is complex and that 
results obtained in one species cannot be assumed to be valid in another. 
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RESPIRATORY QUOTIENT AND NITROGEN BALANCE 
DURING TOLBUTAMIDE ADMINISTRATION* 


> me ere yg A 


By Frederick C. Goetz 


Metabolic Research Laboratory, Department of Medicine, University of Minnesota H. ospitals, 
Minneapolis, Minn. 


? 


The basic question concerning oral sulfonylureas effective in diabetes 
remains unanswered—do they lower blood sugar by restoring metabolism — 
toward normal in various ways, as does insulin, or is this blood sugar effect — 
the result of some essentially unphysiological action? Acute studies of the _ 
effects of tolbutamide (Orinase), mostly in normal subjects, have shown 
changes in capillary blood sugar differences and in venous potassium and 
inorganic phosphorus concentrations much like those following the injection ; 
of insulin.! The present paper describes a study of two other indices of © 
metabolism, respiratory quotient and nitrogen balance, in two diabetic 
patients given tolbutamide in rather large doses for about two weeks. The — 
patients contrasted with each other in their response to the drug; one showed | 
a satisfactory drop in urine and blood sugar, the other did not. | 


Methods 


Both patients, hospitalized on the metabolism ward, ate a diet of constant 
carbohydrate, protein, and fat composition (carbohydrate, 210 gm.; protein, 
85 gm.; and fat, 70 gm.; yielding 1810 calories). Urine was collected in © 
24-hour samples and was analyzed for sugar by Benedict’s method and for 
nitrogen by a micro-Kjeldahl method. Accuracy of collection was checked — 
by creatinine measurement. Fecal nitrogen was not measured, but was — 
assumed to represent a constant proportion (10 per cent) of dietary nitrogen. — 
Capillary blood sugar was measured before breakfast and supper by the — 
Somogyi-Nelson colorimetric method. 

Respiratory quotients (R. Q.) were measured by the general technique — 
described by Peters and Van Slyke.? The measurements were done at _ 
8:00 A.M., after a 10-hour fast. Expired air was collected in a Tissot spirom- — 
eter; carbon dioxide and oxygen were measured in duplicate with the Scho- — 
lander apparatus, on duplicate or triplicate samples from the spirometer. 
Carbon dioxide and oxygen contents of expired air were also recorded 
continuously by means of the Liston-Folb infrared carbon dioxide analyzer 
and the Beckman paramagnetic oxygen analyzer. The results checked well 
with the Scholander values. 

. 
' 
: 
4 


Results 
Casel. Mrs. H. P. (No. 892869) is 43 years old. Diabetes began 5 years 


ago, with typical symptoms of thirst, frequent urination, and weight loss, and 
has been controlled only moderately well by diet and daily doses of 60 units of 


* The investigation on which this paper is based was supported by Grant B-1054 from 
the National Institute of Neurological Diseases and Blindness, National Institutes of 
Health, Bethesda, Md. : 
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PHinsulin. Her height is 65 inches and she weighs about 110 lb.; she looks 

hin. She has never been in frank acidosis. 
- Insulin was gradually reduced until urine sugar reached a value of at least 
50 gm. a day; the dose was then held constant at 30 units daily for the rest of 
the study. Blood sugar showed wide and variable daily swings, from 10 to 
150 mg. per cent ina day. After 12 days at this insulin dose, tolbutamide 
(Orinase; U-2043) was given by mouth in divided doses, 5 gm.aday. After 
9 days there was no apparent effect on urine or blood sugar, and the dose of 
olbutamide was raised to 10 gm. a day for another 4 days, still without any 
consistent effect on urine or blood sugar. No acetone appeared in the urine. 
_ Nitrogen balance did not change appreciably during tolbutamide adminis- 
tration; if anything, it became slightly negative. However, before tolbut- 
amide the patient was approximately in nitrogen balance—not in marked 
negative or positive balance. 

The: total respiratory quotient also did not change during tolbutamide 
administration; possibly there was a slight and temporary drop after the 
initial dose of 2 gm. Before tolbutamide the respiratory quotient was 0.80, 
close to a normal value. 


TABLE 1 
FASTING RESPIRATORY QUOTIENTS IN DIABETIC SUBJECTS IN RELATION TO TOLBUTAMIDE 
TREATMENT 


Case 1. (Mrs. H. P.) 


Day of Os. consumed CO: produced Bena 
study Liters per minute | Liters per minute PES 
Before tolbutamide 
at 0.168 0.135 0.80 
22 0.157 0.127 0.81 
a -24 0.180 0.144 0.80 
. - On tolbutamide 
ee 24 1 hour 0.180 0.142 0.79 
28 4 days 0.165 0.134 0.81 
S31 7 days 0.172 0.134 0.78 
: Case 2. (Mrs. C. S.) 
; Before tolbutamide 
13 0.201 0.161 0.80 
On tolbutamide 
20 6 days 0.220 0.177 0.80 
iy 13 days 0.216 0.173 0.80 
41 13 days after tolbutamide 0.215 0.168 0.78 


: WEDS ee eee aM 
Each value represents the mean of duplicate analyses with the Scholander apparatus of 
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duplicate or triplicate samples from the spirometer. 
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Ficure 1. Effects of tolbutamide on nitrogen balance 


respiratory quotient in a diabetic patient (Case 1). Nitrogen balance is plotted according — 
to Albright’s* method: when the hatched column extends above the zero line, balance is — 
negative; when it is below the zero line, balance is positive. 


, blood and urine sugar, andl 


Data for the respiratory quotients are 
the data are plotted in ricuRE 1. 


Case 2. Mrs. C. S. (No. 855096) is 62 years old. Her diabetes was dis- | 
covered 3 years ago by chance; she did not have typical symptoms. She had 
never taken insulin. Her urine has steadily shown increasing amounts of 
sugar. She is 62 inches tall and weighs about 160 lb.; she is moderately fat. — 

In the control period, urine sugar remained between 15 and 30 gm. a day ; 
and blood sugar between 245 and 300 mg. per cent. When tolbutamide _ 
administration was begun at a dose of 5 gm. a day, urine sugar promptly — 
dropped to less than 5 gm. a day; blood sugar fell gradually, reaching normal ; 
levels of 98 to 140 mg. per cent only when the tolbutamide dosage was raised _ 
to10gm.aday. “After 15 days tolbutamide administration was discontinued. 
During the following 3 weeks, blood sugar rose slowly, while urine sugar — 
remained negligible (less than 2 gm. a day). These discrepancies suggest 


given in the first part of TABLE 1; all 
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FicureE 2. Data from Case 2, plotted as in FIGURE 1. 


an effect of tolbutamide on the renal threshold for glucose. No acetone 
appeared in the urine at any time. 

Nitrogen balance changed very little before, during, or after tolbutamide; 
the patient remained essentially in balance throughout. 

_ The respiratory-quotient data are given in the second part of TABLE 1; all 


the data are plotted in FIGURE 2. 
. Comment 


It is clear there was no appreciable change in nitrogen balance or in 
respiratory quotient when either patient was given tolbutamide. This was 
true whether or not there was a response of blood and urine sugar to the drug. 
The tentative conclusion may be drawn that, when given for several weeks, 
tolbutamide does not alter carbohydrate metabolism sufficiently to give an 
over-all increase in R. Q. or to produce a positive nitrogen balance, even when 
an effect on urine and blood sugar has been produced. 

However, it must be noted that neither patient was in really negative 
nitrogen balance before tolbutamide was given, and that the R. Q. before 
tolbutamide was nearly normal and not the classic low R. Q. of “total 
diabetes.” This is presumably because it was necessary to give the first 
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patient some insulin by injection to avoid ketosis; the second by nature d 
not tend toward marked abnormality (some endogenous insulin available? 
Possibly a patient who is more completely “diabetic”’ initially would be 
more favorable subject for a demonstration of the effectiveness of tolbu 
amide. However, present experience indicates that such a patient would t 
unlikely to respond to the drug even in terms of blood and urine sugar level 
These results do not accord with the acute studies mentioned earlier, whic 
imply an effect of tolbutamide on the peripheral utilization of sugar. It_ 
possible that the acute and chronic effects of tolbutamide depend on differen 
mechanisms: the acute fall in blood sugar on insulin release from the pancrea 
the chronic effects on a hepatic action. Alternatively, the chronic relea 
of insulin under the influence of tolbutamide might simply be too mild; 
effect to be detected by the methods used here. . 
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UDIES OF THE EFFECT OF INTRAVENOUS TOLBUTAMIDE 
“ON PYRUVIC AND LACTIC ACID CONCENTRATIONS IN 

PERIPHERAL VENOUS BLOOD IN NORMAL AND DIA- 
_BETIC SUBJECTS, AND ON SPLANCHNIC METABOLISM 
OF FRUCTOSE AND GLUCOSE* 


_ By Max Miller, J. W. Craig, M. S. Mackenzie, W. R. Druckerf, 
M. Cammarn{f, and H. Woodward, Jr. 


ariments of Medicine and Surgery, School of Medicine, Western Reserve University, and 
the University Hospitals of Cleveland, Cleveland, Ohio 


rt I. Comparison of Effects of Insulin and Tolbutamide on Concen- 
trations of Glucose, Pyruvic Acid, and Lactic Acid in Peripheral 
Venous Blood 


Introduction 


It has been known for some time that a blood sugar depression following 
e administration of insulin may be accompanied by concomitant elevations 
blood pyruvate and blood lactate levels.1: *» * Moorhouse and Kark* have 
orted that the blood sugar depression following tolbutamide administra- 
n in a diabetic is not accompanied by these changes in pyruvate and lac- 
te; and Hennes e¢ a/.5 have reported that in normal subjects the initial 
tuvate change associated with hypoglycemia is an elevation following 
ulin, but a depression following tolbutamide. From this disparity the 
ter authors concluded that the hypoglycemic actions of the two agents are 
tinct and that a release of endogenous insulin is not the mechanism of 
tion of tolbutamide. It was our objective to produce with insulin and tol- 
tamide (Orinase§) blood sugar depressions similar in magnitude and rate 
fall and, under these conditions, to compare the pyruvate and lactate 
anges in both normal and diabetic subjects. 


Methods 


‘The comparative insulin and tolbutamide response tests were performed in 
ich of 4 normal and 12 diabetic subjects. All tests were done in the morning 
ter a 12- to 14-hour fast and at the time of the test the diabetics were free 
“exogenous insulin effect. Two grams of Orinase Sodium diluted to 50 ml. 
‘normal saline were administered intravenously over a 2-minute period in 
sth groups of subjects. The normal subjects received from 3 to 5 units of 
gular insulin by vein. The diabetics were given their insulin subcutane- 
isly, the dose varying from 10 to 30 units according to an estimate of their 


* The studies on which this paper is based were supported in part by grants from the 
ational Institute of Arthritis and Metabolic Diseases (A-1317, AT-259), National Insti- 
tes of Health, Bethesda, Md., and from the Diabetes Foundation of Western Reserve 
niversity, Cleveland, Ohio. 

+ Charles O. Finley Research Scholar of the American College of Surgeons. 

t Trainee, National Institute of Arthritis and Metabolic Diseases. 

§ Kindly supplied by The Upjohn Company, Kalamazoo, Mich. 
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insulin sensitivity based on their most recent maintenance dose. This sel 
tion of the subcutaneous route for insulin administration to the diabetic § 
jects was in line with the objective of producing blood sugar depressions si 
lar to those produced by tolbutamide. For with tolbutamide we have n 
in diabetics, produced the sharp early depression of blood sugar that may * 
seen after the intravenous administration of insulin. All subjects we 
recumbent for an hour prior to the start of the tests. The blood speci 
were drawn through an indwelling Riley needle, and analyses were ma 
according to the following methods: glucose by the method of Somo r 
pyruvic acid by the method of Friedemann and Haugen;’ and lactic acid I 
the method of Barker and Summerson.*® . 


{ 
FicureE 1 and TABLE 1 illustrate the mean blood glucose, pyruvate, ai 
lactate changes seen in the normal subjects after the administration of t 
butamide and insulin. Comparison of the blood glucose curves reveals esset 
tially similar curves, the minimum level following tolbutamide being at 45 mir 
that following insulin, at 30 min. However, a statistical comparison of tk 
curves reveals that the apparent lag in the blood sugar depression followiti 
tolbutamide is real, within a probability of less than 0.02. Tolbutamid 
produced a blood sugar depression of 51 mg./100 ml./hr.; after insulin tk 
mean rate of blood sugar depression was 70 mg./100 ml./hr. ; 


TOLBUTAMIDE 2gm. IV INSULIN IV 


Results 


Fie we glucosE © GLUCOSE 


° 


eye 6 ——— 
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Ficure 1. Mean changes in blood 
GURE eal ; glucose, pyruvate, and lactate following tolbu 
and insulin administration to 4 normal subjects. The shaded portions hey: Fei lust 
minus one Standard Deviation of the change from the fasting value in mg. per 100 ml. 
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TABLE 1 
MEAN CHANGES IN BLOop GLUcOosE, PyRuvATE, AND LACTATE IN 4 NoRMAL 
SuBJjEcts Fottowinc TOLBUTAMIDE AND INSULIN 


10 20 30 45 60 90 120 180 min. 
. % change 74 —5§ —14 —29 —38 —= 25 —25 aS —15 
S.D. +9.5 |43.6 42.5 |4+4.8 1410.0 |4+7.6 |+16.5 |4+8.2 253 
Mg. % change 0.89|—0.01|—0.02|—0.05] —0.13]—0.01] —0.06|—0.22| —0.30 
Ss. D. +0.31)+0.11)+0.21}+0.31] +0.32}+0.27]| +0.30/+0.30) +0.28 
Meg. % change 7.6 |—0.5 |—0.2 |+0.6 | +1.0 |+4.0 | +1.3 |—1.0 —2.3 
S.D. +0.86/+0.72)/+1.43)+2.14| +1.06/+4.52| +2.18)/+2.88] +2.74 
LW. My 10 20 30 45 60 90 120 min. 
‘| Mg. % change 71 | —13 | —32 | =—35 —23 | —16 —8 —3 
S.D. £5.28 [2.4 |+8.8 | +94 [415.6 149.3 e254 >) +O. 5 


+0.17|/+0.33|+0.38) +0.37/+0.21| +0.26)/+0.04 


Mg. % change 0.4 
0.14)/+0.12)}+0.14)+0.28) +0.32}/+0.22) +0.22/+0.09 


S.D. + 


. % change 825040. 4\--8 4% 1-350) --9.4 |--6.1 |) 4-2).5:. |--O07, 
nD. +1.42)}+0.58)+1.07)+1.42) +1.24)+2.81) +1.64)+1.57 
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FicurE 2. Mean changes in blood glucose, pyruvate, and lactate following tolbutamide 
d insulin administration to 12 diabetic subjects. The shaded portions indicate plus or 
s one Standard Deviation of the change from the fasting value in mg. per 100 ml. 
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The mean pyruvate response after the tolbutamide tests showed no sign it 
cant change from the initial level. The pyruvate curve following insuk 
administration was suggestive of a response, but it was only the valu 
20 min. that, within the conventional confidence limits of 0.05, was ee 
cantly different from the fasting level. 

However, as the mean fasting level in the insulin experiments was low 
than the mean fasting value in the tolbutamide experiments, the rise observet 
which brought the pyruvate levels only into the same range, may be of limite 
metabolic significance. 

The peak values in the blood lactate levels observed following tolbutamid 
and insulin administration occurred in both instances 15 min. later thant 
maximum blood sugar depressions and probably reflect an epinephrin 
response to the symptomatic hypoglycemia experienced by the normal 
jects in 7 of the 8 total tests. 

FicureE 2 and TABLE 2 give the mean blood glucose, pyruvate, and lac . 
values observed in the diabetic subjects before and after the oe 
of tolbutamide and insulin. The blood glucose depression following to 
butamide was 14 mg./100 ml./hr.; that following insulin was 21 mg./1G 
ml./hr. A comparison of the pyruvate and lactate values following 
administration of these two hypoglycemic agents reveals no significant = 


+ 
,| 


from the initial values for either substance. 


TABLE 2 { 
MEAN CHANGES IN BLOOD GLUCOSE, PYRUVATE, AND LACTATE IN 12 DIABETIC 
SUBJECTS FOLLOWING TOLBUTAMIDE AND INSULIN 


A. Tolbutamide 2 gm. L.V. F 
Glucose Mg. % change 186 —5 —13 —28 | 
SD: +54.6 | +13.0 | 418.4 | +30.0 | +388 
Pyruvate Mg. % change 0.96 —0.01 +0.02 —0.10 , 
S.D. +0.47 | +0.22| +0.26| +0.37| +0.38 
Lactate Mg. % change 12.8 —0.6 —0.6 —0.8 
: Say S01 +1.76 Be 2noih +2.40 


B. Insulin SeGy F 30 60 120 
Glucose Mg. % change 180 —3 —11 —36 
S.D. +35.4 +8.4 +7.6 | +18.9 | 430.7 
Pyruvate Mg. % change 0.94} —0.11 \ —0.07 | —0.10 er. 
55D: £0.62) +0.32| 40.38} 40.51). +0 


Lactate Mg. % change 11.9 +0.6 +0.4 —0.2 
S.D. + 
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IGURE 3. The relation between blood glucose and pyruvic acid after administration 
insulin and tolbutamide to diabetic subjects. The insulin was administered intra- 
iously in the 1949 series (circles). The line of least squares is derived from these points. 
she 1957 series insulin was given subcutaneously (squares). The rate of glucose depres- 
was slower; the pyruvate changes were small and variable in direction. Similar 
se and pyruvate responses were obtained with tolbutamide (triangles). 


FIGURE 3 the individual maximum rises in blood pyruvate observed fol- 
ing tolbutamide and insulin administration to the diabetic subjects are 
tted against the associated rates of blood sugar depression expressed in 
./100 ml./hr. Included also are the results from a previous study of 
uvate response following intravenous administration of insulin to diabetic 
jects.2 The line of least squares is derived from these latter points. It 
ersects a zero change in pyruvate at 39 mg./100 ml./hr. blood sugar fall. 
will be noted that the points representing the present experiments with 
h tolbutamide and insulin (subcutaneous) fall below this rate of blood 
gar depression (mean values 14 and 21 mg./100 ml./hr., respectively). The 
lividual pyruvate changes are seen to be of small magnitude and of no con- 
tency as regards positive or negative direction of change—for either the 
[butamide or insulin experiments. 


Discussion 


Our results fail to establish a clear difference between the hypoglycemias 
lowing tolbutamide and insulin administration in either normal or diabetic 
bjects, using as indicators the two intermediates in glucose metabolism, 
ruvate and lactate. Particularly in the diabetic subjects, where the rate 
blood sugar depression was slow, the changes in pyruvate and lactate were 
all and variable in direction for both the hypoglycemic agents. The report 
Hennes ef al.® is concerned with a comparison of tolbutamide and insulin 
ects in normal subjects only. It is important to note also that their con- 
sion regarding different mechanisms of hypoglycemic action is based upon 
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the initial deflections of blood pyruvate. Thus, following insulin adm nis 
tration, they reported an increase in pyruvate as the earliest significant chang; 
associated with hypoglycemia in 7 of the 8 experiments. Following tolbut: : 
mide, they found the earliest significant change to be a decrease in pyruvat 
in 5 of 7 experiments. Way y' 

Analysis of our results with regard to the iitial pyruvate change revea 
that in the 4 normal subjects there was after insulin administration an increas: 
in all the experiments; following tolbutamide, 2 subjects showed increases ani 
2 decreases. In the 12 comparative experiments on diabetic subjects, thi 
earliest pyruvate change associated with hypoglycemia after insulin was aa 
increase in 7 instances, a decrease in the remaining 5. After tolbutamidk 
administration, the same subjects showed 5 increases as the initial pyruvat: 
change, and 7 decreases. Our results, then, confirm the previous report wit! 
regard to the initial pyruvate change that may be expected after insuli. 
administration to normal subjects. The initial change in pyruvate after tol 
butamide administration to normal subjects, and after either agent to diabetit 
subjects, was variable in direction. | 

From our studies we find ourselves in agreement with the previous reports® | 
regarding the absence of increases in pyruvate and lactate incident to tol 
butamide administration. We are less sure that the rises reported afte 
insulin administration are indicative of differing mechanisms of action. I] 
may be more likely that the differences in pyruvate response reflect differences 
in rate of glucose fall. Differing mechanisms of action may exist, but we ar‘ 
doubtful that changes in blood pyruvate and lactate are the proper indicator 
to establish the point. 

Summary 


(1) Hypoglycemic responses to both insulin and tolbutamide were producee 
in each of 4 normal and 12 diabetic subjects, and the accompanying bloo¢e 
pyruvate and lactate changes were observed. 

(2) In the normal subjects a significant rise in pyruvate was associated w 
the hypoglycemic response to insulin administration; the pyruvate change 
following tolbutamide were variable in direction, and there was no significan 
mean change from the initial level. 

(3) In the diabetic subjects the rates of glucose depression following bo 
insulin and tolbutamide were less than those seen in normal subjects, 
there was no significant change from the fasting value in either pyruvate 
lactate following either hypoglycemic agent. 

(4) It is concluded that a mechanism of action for tolbutamide disti 
from that of insulin cannot be inferred from differential responses of the bl 
pyruvate and lactate. Such a differential was not observed in diabetic s 


jects. It is suggested that the differences observed in normal subjects may b 
related to differing rates of glucose fall. 


Addendum 


Since preparation of this paper, the work of Hennes et al. has been published in m 
extended form.’ In their normal subjects, despite the use of approximately one half | 
amount of Orinase Sodium we employed, they had a mean rate of blood sugar depre 


M. Miller et al.: Pyruvic and Lactic Acid By 


f about twice what we observed following tolbutamide administration to normal subjects. 
ennes et al. performed their pyruvate determinations according to the chromatographic 
nethod of Seligson and Shapiro,!® which gives generally lower values than the method of 
riedemann and Haugen,’ which we used. An inspection of Hennes’ data shows that 
nfortunately his normal subjects, as did ours, had lower fasting pyruvate levels before 
he insulin tests than before the tolbutamide tests (means of 3.8 and 5.1 »M./100 ml. 
espectively). Hennes suggests as a possible alternative to his conclusion that tolbutamide 
ight produce an initially increased rate of pyruvate removal simultaneous with, and 
ndependent of, stimulation of insulin secretion. The variability in the direction of the 
nitial change in both our normal and diabetic groups makes us unable to support this 
ypothesis. 

Other contributors to this publication have raised the possibility of differing mechanisms 
f action for exogenous and endogenous insulin. Perhaps herein will lie the explanation 
for such differences in pyruvate and lactate responses to insulin and tolbutamide as may 
Itimately be established. 


=) 


Sart Il. Effect of Tolbutamide on Splanchnic Metabolism of Fructose, 
Glucose, Pyruvic Acid, and Lactic Acid During Fructose Adminis- 
tration 

Introduction 


It has been reported that in man the rise in the peripheral venous blood 
lucose concentration that accompanies the administration of fructose or 
galactose is diminished or abolished by the sulfonylureas. On the contrary, 
the changes in the blood glucose concentration that are associated with glu- 
cose administration are not influenced by these drugs.** Since all or 
most of the conversion of fructose to blood glucose occurs in the splanchnic 
system, these findings suggested that the sulfonylureas had an effect upon 
splanchnic carbohydrate metabolism. Hepatic vein catheterization studies 
have been performed in human subjects to investigate more directly this 
possible mechanism of action of tolbutamide. 


Methods 


_ The subjects for these studies were 5 diabetic and 2 nondiabetic patients. 
In all 5 cases the diabetes mellitus was of the stable type. One patient was 
receiving 65 units of insulin daily, 3 were receiving 15 units daily, and the 
fifth patient did not require insulin. On another occasion, the effect of tol- 
putamide on the peripheral venous blood glucose concentration of the diabetic 
subjects was tested by administering a single intravenous dose of 2 gm. of the 
sodium salt of the drug. A significant decline in the blood glucose concentra- 
tion was produced in 4 cases; the patient who required 65 units of insulin 
daily did not respond to the test dose of sodium tolbutamide, and the data 
from the hepatic vein catheterization study in this patient were not included 
in the final compilation of results. The diabetic patients were given only 
regular insulin for 1 to 3 days before the hepatic vein catheterization study 
and none on the morning of the test, so that no exogenous insulin effect was 
present at the time of the procedure. The tests were performed after an 
overnight fast. After fasting blood samples had been obtained, an infusion 
‘of 10 per cent fructose* in water was started in a peripheral vein and con- 


_ * Fructose solutions were supplied by Mead Johnson & Company, Evansville, Ind. 
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tinued throughout the remainder of the test at the rate of 1 gm. per kg. per hr. 
At an average time of 48 min., after the beginning of the infusion, 2 gm. of 
sodium tolbutamide was injected into a peripheral vein during a 2-min. 
period, and the study was continued for an average of 55 min. longer. At 
9- to 12-min. intervals throughout the test, blood samples were obtained! 
simultaneously through a radiopaque catheter with its tip located in a right 
hepatic vein and through an indwelling needle in a radial artery. These: 
blood samples were analyzed for fructose, glucose, and pyruvic and lactie 
acids by the methods described previously." Splanchnic blood flow w 
estimated by the bromsulphalein technique.* The estimated net splanchni 
assimilation of a substance was calculated by multiplying its arterial-hepatie 
venous blood concentration difference by the estimated splanchnic blo c 
flow. Three additional subjects—2 diabetic and 1 nondiabetic—served as: 
controls. Control tests were performed in an identical manner except that : 
an injection of saline was substituted for the sodium tolbutamide. : 


Results 


As seen in FIGURE 4 and TABLE.3, when fructose was administered there was } 
a prompt uptake of this hexose by the splanchnic system. ‘The rate of uptake : 
was similar in diabetic and nondiabetic patients, in accord with our previous | 
observations.'* The magnitude of the uptake increased during the early ' 
part of the experiment and was then maintained during the remainder of thi 
test. Tolbutamide did not appear to alter the rate of the splanchnic uptake | 


TABLE 3 | 
EFFECT OF TOLBUTAMIDE ON MEAN NET SPLANCHNIC ASSIMILATION OF FRUCTOSE, 
GLUCOSE, AND Pyruvic AND Lactic Acts DuRING FRUCTOSE ADMINISTRATION 
(Mg./min./m.?) 


Tolbutamide Series (6 cases) \ 


sUreN (mM ea teas. see Co ee 0 0 to 48 49 to 103 
Substance administered.............. _- Fructose | Fructose + Tolbutamide 
EEUCKOSE aus Rot as Sarin io cA Lee cae 5 370 ey ee 
Glnceses cance titre sco tdck ore eee —28 — 104 —15 

PYRUVIC CIC tees ca ensicn a ysinhei aera 0.4 —9.8 —15 


ROR GLICPACICIN its We oe dst et 13 —20 —61 


Control Series (3 cases) 


EEA IMIETGININ) ete en lath Pe Hee ie, Sli ae, 0 0 to 48 49 to 103 
Substance administered.............. -- Fructose Fructose 
ERUCLOSCE MMP A ode A neon lr slick ar, 0 350 476" ae 
GNICGRGsn ae Poke Peni ee fm 8 —39 —105 —83 

PYEAVEC GCIG mate. chin ag he eae 0.3 —4.6 —16 
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TOLBUTAMIDE SERIES (6) 


FRUCTOSE I.V. (1GM./KG./HR) 
TOLBUTAMIDE I.V. (2 GM.) 


CONTROL SERIES (3) 


600 é FRUCTOSE I.V. (1 GM7KG./HRI > 


(MG./MIN./ M2) 


MEAN NET SPLANCHNIC FRUCTOSE UPTAKE 
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Ficure 4. The effect of tolbutamide on the mean net splanchnic uptake of fructose 
during the administration of fructose. 


fifths of the rate of administration of the hexose. 

_ The mean net splanchnic output of glucose increased when fructose was 
given (FIcURE 5). Following tolbutamide administration, there was an 
early decline in the glucose output. In the control series a decline in glucose 
output was also noted, but the decrease in output appeared to occur some- 
what later in the course of fructose administration. It is of interest that the 
diabetic patient mentioned above who showed no significant hypoglycemic 
response to a test dose of tolbutamide also failed to have an early decline in 
net splanchnic glucose output following the administration of the drug. As 
seen in TABLE 1, the mean rate of splanchnic glucose output during the first 
part of the test was similar in both the tolbutamide and control series; during 
the latter half of the test there was a moderate decline in the control series, 
but a marked decrease after tolbutamide administration. 

Fructose administration resulted in a mean net splanchnic output of 
pyruvic and lactic acids (TABLE 3). The rate of output of these acids 
increased during the first half of the test and was then maintained during the 
remainder of the experiment. An effect of tolbutamide on the splanchnic 


: fructose which, during the latter part of the test, was equal to about two 


pay 
' 
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TOLBUTAMIDE SERIES (6) 
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a te caanantietitiatiea 


50 


° 
st Ante St Ey Melee = 


MEAN NET SPLANCHNIC GLUCOSE OUTPUT 


-80 
5 CONTROL SERIES (3) 
: {FRUCTOSE LV. (HOM/KO./HR)___y 
F3 : 
iso : 
7 
100 
$0 
: / 
re) 30 60 90 120 
MINUTES 
rasTine il Eat ous a TOURUTAMIDE . 


Ficure 5. The effect of tolbutamide on the mean net splanchnic output of glucose 
during the administration of fructose. 


"i 
production of these acids was not demonstrable under the circumstances of 


these experiments. 


v 
Discussion | 


3 
Although these preliminary results suggest that tolbutamide diminishes the 


net splanchnic glucose output during fructose administration, the terminal 
reduction of output in the control cases necessitates further study of this 
problem. The spontaneous decline in the net splanchnic glucose output in! 
the control series may be a manifestation of the function of the liver in the” 
regulation of the glucose concentration in the peripheral blood.1® 16 A rise 
in the peripheral blood glucose concentration accompanied the administra- 
tion of fructose and may have acted as a stimulus to the hepatic mechanisms | 
that diminish hepatic glucose output. Since this tendency to a spontaneous” 
decline in the net splanchnic glucose output during fructose administration 
appears to be less in the diabetic than in the nondiabetic subject, the addition 
of more diabetic patients to the control group may increase the contrast in 
the results in the tolbutamide and control series. The administration of 
tolbutamide earlier in the course of fructose infusion might make it possible 
to demonstrate a more distinct difference as compared to the control cases. 
This type of experiment does not make it possible to distinguish changes that 


| 
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re due to an effect on the conversion of fructose to glucose in the splanchnic 
ystem from those that result from an effect on the release of glucose from 
the system. A differentiation between a direct action of tolbutamide or an 
ndirect effect mediated through insulin is also not possible from these data. 
ecause of the large net splanchnic output of pyruvic and lactic acids during 
ructose administration, changes induced by tolbutamide in the metabolism 
f these acids would probably not be demonstrable unless they were of rela- 
ively great magnitude. 

Summary 


Preliminary results of hepatic vein catheterization studies in diabetic and 
ondiabetic patients suggest that tolbutamide may reduce the net splanchnic 
utput of glucose during fructose administration. There is no evident effect 
yn the splanchnic balances of fructose or of pyruvic and lactic acids. 
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STUDIES ON THE MECHANISM OF TOLBUTAMIDE 
HYPOGLYCEMIA IN ANIMAL AND 
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‘? 

Since 1942 there has accumulated an increasingly impressive body of scien- - 
tific evidence indicating that the sulfonylurea compounds are extremely’ 
effective hypoglycemic agents in both human and animal subjects.’ The: 
potential usefulness of these drugs in the management of patients with | 
diabetes has provided the stimulus for innumerable clinical trials. However, , 
the fundamental question regarding the mechanism of this hypoglycemic | 
action has not yet been answered. It is obvious that a full understanding of | 
this mechanism is of more than academic interest. Although many classes | 
of drugs may produce hypoglycemia, the usefulness of such drugs as thera= 
peutic agents in diabetes must be dependent upon more than a hypoglycemic 
action. There must be, in addition, an enhancement of the over-all metab- 
olism of carbohydrate. In order to evaluate the potential therapeutic 
benefits that may be derived from the sulfonylureas, it becomes ee 
first, to understand the mechanisms by which the hypoglycemia is produce 
and, second, to measure certain parameters that might reflect alterations in 
‘metabolic processes known to be deranged as a consequence of impaired 
carbohydrate utilization. The experiments to be described were designed t 
study the action of tolbutamide in animal and human subjects, within th 
framework of the concepts noted. 

Since hypoglycemia may result from a decreased release of glucose from th 
liver, an increased utilization of glucose in the peripheral tissues, or a com 
bination of the two, an effort was first made to determine the major locus o 
tolbutamide action. The evidence to be presented supports a hepatic 
mechanism of action. In order to determine the effect of tolbutamide upo 
over-all carbohydrate metabolism, studies were made of amino acid incorpo- 
ration into liver protein, a metabolic system known to be dependent upon 
adequate utilization of carbohydrate within the liver.2. An enhancement of 
the protein “synthetic” mechanisms in liver following tolbutamide therapy 
was found. These observations suggest that tolbutamide decreases the 


release of glucose from the liver, while at the same time increasing the over-all 
glucose utilization by that tissue. ) 


* Supported by grants from The Upjohn Company, Kalamazoo, Mich., and the a 
Institute of Arthritis and Metabolic Diseases, National Institutes of Health, Bethesda, M 
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Studies in Animal Subjects 


These experiments were designed to study the effect of tolbutamide upon 
epatic glucose release and muscle glucose uptake in rat tissues, isolated at 
arying times following an intraperitoneal injection of tolbutamide. In this 
ay, a dynamic correlation between the level of blood sugar and the changes 
n liver and muscle metabolism could be obtained. Male Sprague-Dawley 
ats weighing 150 to 175 gm. were used and were studied in the fed state. At 
time, 20 mg. of tolbutamide per 100 gm. body weight were administered 
ntraperitoneally. Groups of rats were sacrificed at 0 time and at 15-min. 
ntervals over the course of one hour. Blood sugars were obtained, and the 
emidiaphragms and livers were removed. Liver slices were prepared, and 
he tissues were immersed in 2.0 ml. of a Krebs-Ringer-phosphate buffer at 
17.4. In the studies of diaphragm metabolism, the phosphate buffer con- 
ained 200 mg. per cent of glucose. The tissues were incubated for 1 hour in 
in atmosphere of oxygen at 37°C. in a Dubnoff shaker, at a shaking rate of 
00 cycles per minute. At the end of the experiment the concentrations of 
lucose* and pyruvate‘ in the medium were measured, and the tissues were 
lotted dry and weighed. The liver slice data were recorded as v of glucose 
r pyruvate released per gram of liver per hour. The diaphragm data were 
ecorded as y of glucose taken up from the medium or vy of pyruvate formed 
yer 100 mg. of muscle per hour. 
The data obtained in the liver slice experiments may be seen in TABLE 1. 
s the blood sugar of the intact animal decreased, a concomitant decrease in 
he release of glucose from the liver slices was noted. No change in liver 
lucose-6-phosphatase activity could be found at a time when the hepatic 
elease of glucose was already depressed.® In TABLE 2, the changes in glucose 
ptake of the diaphragms may be seen. Despite the development of hypo- 
ylycemia, no increase in glucose uptake occurred. However, a significant 
Jecrease in accumulation of pyruvate in the diaphragm incubation medium 
was noted. In order to determine whether this represented an increased 
utilization or a decreased formation of pyruvate, diaphragms were incubated 
in 10-? M sodium pyruvate without glucose. No differences in pyruvate 


TABLE 1 
: EFrEct or INTRAPERITONEAL INJECTION OF TOLBUTAMIDE ON GLUCOSE RELEASE 
AND PYRUVATE FORMATION OF ISOLATED RAT LIVER SLICES 


Change from control values 
Time after 
injection | No. of expts. : f 
~ (min.) Hepatic glucose release onan ean © | Blood sugar 
y/gm. liver/hr. »/em:-liver/hr. mg./100 ml. 
30 ; 8g — 1300 —46 —31 
45 — 8 —2500 —50 —25- 
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TABLE 2 7 
EFrect OF INTRAPERITONEAL INJECTION OF TOLBUTAMIDE ON GLucosE UPTAKE + 
AND PyRUVATE PRODUCTION OF ISOLATED Rat DIAPHRAGM ‘ 


Glucose uptake Pyruvate formation Blood sugar 
Time after i 
injection : y 
(min.) No. of | y/100 mg./ | No. of | 7/100 mg./ | No. of mg./100 ml 
expts. hrs SE: expts. hr. + S.E: expts. i 
0 20 340 + 30 24 Zope als 10 102. 
30 23 B00 ess 24 19 + 1.0* 10 74. BA 
45 20 380 + 28* 20 17 + 0.8f 10 81 2 

60 12 400 + 36* 12 20) 2ey le 6 74 


* P > 0.1 compared to 0 minutes 
+ P < 0.01 compared to 0 minutes , 
> 0.001 a} 


utilization were observed in tolbutamide-pretreated rats. These obse 
tions suggest an actual decrease in pyruvate formation in muscle of tolbut+ 
amide-treated animals. q 
Similar experiments, using 0.025 to 0.04 units of insulin intraperitoneally; 
instead of tolbutamide, were performed to determine whether measurements 
of glucose uptake by isolated diaphragms could be expected to reflect change s 
during a type of hypoglycemia that is known to be associated with enhanced 
carbohydrate utilization. TABLE 3 shows the highly significant increases ir 
diaphragm glucose uptake and pyruvate accumulation. It must be pointec 
out, however, that the insulin hypoglycemia was more intense than that 
associated with tolbutamide. | 
TABLE 3 | 
EFFECT OF INTRAPERITONEAL INJECTION OF INSULIN ON GLUCOSE UPTAKE AND 
PyRUVATE FORMATION OF ISOLATED Rat DIAPHRAGM FZ 


Glucose uptake Pyruvate formation Blood sugar 
Time after 
injection 
(min.) No. of | y/100 mg./ | No. of | 7/100 mg./ | No. of 
expts. | hr. +S.E. | expts. | hr. +S.E. | expts. mg-/100 mil 


0 6 S20, obi, 6 


191 3 107 
30 10 460 + 34* 10 22 + 1.8} ) 48 
45 6 540 + 43+ 6 26 + 2.0* 3 50 
60. 6 500 + 29t 6 26r 2258 3 56 


P compared to 0 minutes 
wi — O01 

TP < 0.001 

tee 0h 1 

§P < 0.05 
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hese studies in rats indicate that following tolbutamide, a decrease in 

atic glucose release occurs concomitant with the develo nment of hypo- 

cemia. No evidence of enhanced peripheral utilization of carbohydrate 
obtained. Peripheral formation of pyruvate in tissue appeared to 

rease. 

Studies in Human Subjects 


lepatic glucose output. To investigate the effect of tolbutamide upon 
yatic glucose output in human subjects, hepatic vein catheterization 
dies were performed in fasted patients given 1.0 gm. of tolbutamide intra- 
ously. Hepatic blood flow was determined by the bromsulphalein (BSP) 
raction method of Bradley et al.6 Arterial blood was obtained from an 
welling femoral artery needle. Glucose analyses were made on simul- 
ously obtained hepatic vein and femoral arterial samples. 

. marked decrease in hepatic venous-arterial (V-A) glucose difference was 
ed following tolbutamide injection in 4 subjects, 2 of whom were normal 
2 of whom were cirrhotic (TABLE 4). In another subject, no drop in 
atic V-A glucose difference was observed; this subject was very agitated 
ing the procedure, but did develop some hypoglycemia. A sixth subject, 
fering from diabetes following subtotal pancreatectomy, showed no nar- 
ring of the hepatic V-A glucose difference and manifested little hypo- 
cemia. Since the calculation of the hepatic glucose output is dependent 
m the product of the hepatic V-A glucose difference and the estimated 
yatic blood flow (EHBF), it was necessary to determine the effect of tol- 
amide upon EHBF. This was of importance also, since a decrease in 
[BF in dogs following tolbutamide administration had previously been 
yorted.? In 7 patients (TABLE 5), no significant change in EHBF was 
ed for 45 minutes following injection; however, at 1 hour and later, follow- 
tolbutamide, a rise in EHBF was noted. This delayed rise, sumilae to 
t following insulin administration,® has been attributed to the release of 
1ephrine that accompanies recovery from hypoglycemia. Due to tech- 


id TABLE 4 
Errsct oF TOLBUTAMIDE ON Hepatic V-A GLucosE DIFFERENCE (mg. %) 


SEED XpPeriMents.... ca. ence 1 2 3 4 


= Control (mean of 3 periods) 4.0 +0 |9.3 + 2.6] 5.5 + 3.3 |10.6 + 4.4 


Time after 1.0 gm. 
tolbutamide I.V. (min.) 


é PS ermre tt Piew el rysh inte cle wie aboe! 2 4.4 0.8 9.6 Dine 
SIDS, GS RR AS ieee aera cee 2.0 —1.8 1.6 9.9 
ES)S0.65 Cay OL eo Ma Ne ne 0.8 2.8 10.2 0.6 
CUP Me eh teach nian om kes 6.0 2 13.0 12.0 
TSE tae CREE REET ts AI CR 6.6 3.6 9.6 a lifts 
DO einen fascial tare ss 9.4 8.6 


Trt Chet ae Le Se, eo ee 3 
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TABLE 5 : 
Errect oF TOLBUTAMIDE ON EstrmaTEeD Hepatic Boop FLOW (cc./min.) 
Mean of 7 experiments 


RE om we ART 


Control periods (1 1410) 
2 1510 1430 


(3 1360) 


ee i Pe 


Time after tolbutamide 
1.0 gm. I.V. (min.) 


hi, axes Anan 1430 
90 nn Pe ee ee 1440 
65 | en ees 1370 
60 foe ane oe 1730 
1S flint eee 1750 
OU ek een 2210 | 


a 


= | 
nical difficulties, calculation of the true hepatic glucose output was possible ii 
only 2 patients, who showed a drop from 65 to 16 mg. glucose output po 
min. at 30 min. after tolbutamide and from 172 to 37 and 10 mg. po 
min. at 15 and 45 min. respectively. =| 

The narrowing of the hepatic V-A glucose difference and the decrease i 
hepatic glucose output noted in these experiments is similar to those a 
following insulin administration,’ but occurred somewhat more slowly 
Evidence of decreased hepatic glucose output after tolbutamide administre 
tion in dogs? and in human subjects!° has previously been reported. Kible 
and Gordon" noted, however, that several of their patients developed hype 
glycemia without a drop in hepatic glucose output. It is possible that 
narrowing of the hepatic V-A glucose difference that follows the injection ¢ 
tolbutamide is so transient that it is missed because of too infrequen 
sampling. 

Peripheral glucose utilization. Peripheral A-V glucose differences 
measured following intravenous administration of 1.0 gm. of tolbutamide t 
fasted human subjects. Samples were obtained from indwelling needles i 
the antecubital vein and femoral artery. In no case was any increase i 
peripheral A-V glucose difference observed (FIGURE 1). Other investigat 
using glucose infusion techniques, also have been unable to demonstra 
increased peripheral utilization of glucose after tolbutamide,’ in contrast 
the peripheral effect of insulin. The only report of an increase in periphet 
A-V glucose difference following tolbutamide injection! was obtained 
experiments using capillary ‘arterial’ instead of true arterial blood sugar: 
This observation is of interest since it is apparently more difficult to demor 
strate an increase in peripheral A-V glucose difference following the injectic 
of small doses of insulin when true arterial blood sugars are obtained”? t 
when one uses capillary “arterial” values.!* Furthermore, in a small nu 
ber of our experiments in which A-V glucose differences were measured af 
3 units of insulin intravenously, no widening of A-V glucose was obtai 
However, small doses (1 unit) of insulin given intra-arterially produ 
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FicurE 1. Effect of tolbutamide on peripheral A-V glucose difference. 
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Ficure 2. Effect of tolbutamide on hepatic and peripheral venous pyruvate levels. 


‘ompt widening of the A-V difference across the injected limb,” indicating 
creased muscle uptake. In preliminary experiments we have been able to 
mfirm this finding, but have been unable to demonstrate increased glucose 
stake following intra-arterial injection of equivalent doses of tolbutamide. 
It may be concluded from these experiments that tolbutamide, in contrast 


4 


»; 
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i. 
to insulin, produces no direct effect upon muscle glucose uptake. In addil 
tion, no evidence of an indirect effect on peripheral utilization of carboc 
hydrate was demonstrated following tolbutamide. It is noteworthy, hows 
ever, that it is difficult to demonstrate a peripheral effect of small doses 0% 
intravenously administered insulin. : 

Pyruvate studies—hepatic and peripheral. Following 1.0 gm. of tolbut' 
amide intravenously, peripheral and hepatic venous levels of pyruvate were 
measured over the course of 1 hr. Peripheral pyruvate blood levels mani} 
fested an initial fall (FIGURE 2) similar to that previously reported by Hennes 
et al. However, in contrast to this peripheral effect, a significant rise im 
hepatic vein pyruvate levels was observed (FIGURE 2). This increase aver! 
aged 41 per cent and it correlated in time with the point of maximal narrows 
ing of hepatic V-A glucose difference. Hepatic vein pyruvate levels did nop 
rise in patients who showed no decrease in hepatic glucose output. Although 
the rise in pyruvate was equimolar to only one twentieth of the drop in 
hepatic glucose output, it would appear that a portion of the glucose retainea 
by the liver was converted to pyruvate and presumably made available fon 
complete oxidation. 

The foregoing data suggest that tolbutamide hypoglycemia in human sub, 
jects resulted from a retention of carbohydrate by liver with an associated 
increase in hepatic glucose utilization as evidenced by the rise in hepatid 
pyruvate. 


Tolbutamide and Hepatic Protein Metabolism 


In an effort to obtain evidence bearing on the problem of the effect 
tolbutamide on the over-all metabolism of carbohydrate in the liver, studies 
of hepatic protein ‘‘synthesis’’ were made. It has been shown that the 
incorporation of C'*-glycine into peptides and protein of liver slices is depe H 
ent upon the availability of the intermediates of glycogen and glucose 
degradation. Fasting, which may be described as exogenous carbohydrate 
deprivation, and diabetes, as endogenous carbohydrate deprivation, both sig+ 
nificantly depress this system.” Restoration of glycine incorporation occur: 
with refeeding, or, in the latter condition, with administration of glucose a 
insulin. 

To test the effect of tolbutamide on this system, rats were pretreated foi 
4 to 5 days with oral administration of the drug. F1curE 3 shows the 
experimental conditions utilized. Both the control and experimental ani- 
mals were fasted for periods of approximately 24 to 48 hours. They w 
then sacrificed; their livers were removed, and the in vitro incorporation of 
C'*-glycine into the liver-slice protein was studied by the methods previou 
described.’ The rate of incorporation, or specific activity (S.A.), 
expressed as counts/min. of C!4/100 y liver-slice protein. It may be se¢ 
from FIGURE 3 that one intraperitoneal injection of the drug had no effect or 
the S.A. of liver protein. Moreover, as one would expect, with increas 
periods of fasting the S.A. of the controls fell markedly, while in all of t 
tolbutamide-treated animals the S.A. was maintained at a higher le 
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TABLE 6 
EFFECT OF TOLBUTAMIDE ON Jn Vitro INCORPORATION Or C!4-GLYCINE INTO 
LivER-SLICE PROTEIN 


Specific activity + S.E. 
Mosexpts: counts/min./100 y protein 
(COUMERG eae se 24 65 + 6.2 
Tolbutamide-treated rats........ 23 101 - 7.0* 


*P < 0.001 


ABLE 6 indicates the striking increase in S.A. noted in the tolbutamide-pre- 
reated rats as compared with controls. ; 


+ Hr fasting: 16 24 29 44 48 
25 Y | Controls 
105 Y Y Tolbutamide 
cP. 
owe. y y 
prot. Y Y 
45 Y Y} 
25 y y 
5 Z Y 
ES eer a a Be ee 
Pitanide ee 1.P.(acute) po(5d) pol4d) (P(3d) po(5d.) 
dose/l0Ogm. rat: 20 66 20 20x2 33 


Ficure 3. Effect of tolbutamide on the im vitro incorporation of C14-glycine into rat 
iver protein. 

This finding indicates that tolbutamide enhances protein “synthesis”’ in 
he fasted animal. Since, as noted, this system is dependent upon an active 
lycolytic mechanism, the present study would indicate that tolbutamide, 
vhile retaining carbohydrate in the liver, actually increases its over-all utili- 
ation by that tissue. 

Summary 


Within the framework of the experiments described, it appears that tol- 
sutamide is an effective hypoglycemic agent. The gross mechanism of this 
Lypoglycemia appears to be hepatic; more specifically, it appears to operate 
yy effecting a decrease in the hepatic glucose output. Associated with this 
ffect, there is increased utilization of carbohydrate by the liver, as evidenced 
vy increased hepatic vein pyruvate and a striking enhancement of amino acid 
ncorporation into liver-slice protein. 
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Although no increased utilization of carbohydrate in the peripheral tissue 
could be demonstrated, it cannot be concluded that this process does nob 
occur. It is of some interest, however, to note that peripheral formation of 
pyruvate is decreased in the absence of significant change in glucose uptake: 

The primary mechanism of tolbutamide action is under study. ; At the 
present time it may best be described as consistent with a hepatic acti¢ 
that simulates the insulin response in every way. 
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STUDIES ON THE SITE OF ACTION OF THE 
ARYLSULFONYLUREAS IN MAN. _II.* 


By Albert E. Renold, Donald B. Martin, Buris R. Boshellf, 
and George W. Thorn 


partments of Medicine, Harvard Medical School and the Peter Bent Brigham Hospital, and 
' Baker Clinic Research Laboratory, New England Deaconess Hospital, all in Boston, Mass. 


Previous studies from this laboratory have been concerned with the char- 
terization of arylsulfonylurea-induced hypoglycemia as due primarily either 
increased peripheral glucose utilization or to decreased hepatic glucose syn- 
esis or release.!_ It was observed that the hyperglycemia that follows the 
travenous administration of fructose and galactose loads to patients with 
labetes mellitus was considerably decreased by the previous administra- 
on of carbutamide or tolbutamide, although glucose tolerance remained 
nchanged. Since the liver is principally responsible for the conversion of 
uctose and galactose to glucose, this observation was interpreted as sug- 
sting an effect of the hypoglycemic sulfonylureas upon hepatic glucose syn- 
esis or release. This interpretation is in accord with the findings of others 
isolated tissues,2:* in experimental animals,* > and in man.®*”*° It is 
preciated that these studies in no way excluded other sites of action of these 
mpounds. a 
In these earlier studies an effect of the hypoglycemic sulfonylureas upon 
ripheral glucose utilization in man was sought, but not found.’ Since an 
mportant hypothesis concerning the mode of action of these compounds is 
yat of increased insulin synthesis or release,!° 1! a physiological event that 
ould lead to increased peripheral glucose utilization, re-evaluation of some 
etabolic indices frequently associated with increased peripheral glucose uti- 
ation has been undertaken. In addition, an attempt has been made to 
emonstrate the postulated increased insulin secretion by measuring insulin- 
ke activity in plasma before and after intravenous administration of the 
ympound. 

J Material and Methods 


All studies were carried out on the metabolic ward of the Peter Bent Brig- 
am Hospital. Young male volunteers in good health served as normal sub- 
acts, each subject serving as his own control. Plasma insulinlike activity 
ras assayed by a slight modification of the method of Vallance-Owen,'” using 
lucose uptake by the rat hemidiaphragm as an indicator of insulinlike 
ctivity. Each assay was carried out in duplicate and, in each instance, 3 
tandard insulin concentrations were simultaneously carried through the 


* The work on which this paper is based was supported in part by grants from the John A. 
lartford Foundation Inc., New York, N. Y.; The Upjohn Company, Kalamazoo, Mich.; 
‘he Lilly Research Laboratories, Indianapolis, Ind.; and The Nutrition Foundation, Inc., 
Jew York, N. Y. 

+ Postdoctoral Fellow of the United States Public Health Service. 

_{ Research Fellow in Medicine of the American College of Physicians. 
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Ficure 1. Glucose tolerance tests in a previously hypophysectomized patient Nee 4 


3’, 46, 5G484) with diabetes mellitus, maintained on cortisone (37.5 mg./24 hr.) and thyroi ? 
(60 mg./24 hr.). Glucose (0.5 gm./kg.) infused intravenously between 0 and 10 minu s 


assay procedure, each in duplicate. Only values giving insulinlike activitie’ 
equivalent to insulin concentrations lying between 2 simultaneously assay 
standard concentrations were used. In our hands, duplicate values ee 
with this assay procedure have agreed within 5 to 10 parts in 100 within 
range of 100 to 10,000 microunits per ml. of plasma, while the significance oi 
values below 100 microunits per ml. has appeared doubtful. Hence, activi 
ties corresponding to insulin concentrations below 100 microunits per ml. hav 
been expressed as ‘‘100 microunits per ml. or less.”” Blood samples for insuli 
assay were collected with heparin, and plasma was separated immediately bj 
centrifugation, stored at 4° C., and assayed within 48 hours. When respi 
tory quotients were measured, samples were collected in Douglas bags 
analyzed for carbon dioxide with a Liston-Becker infrared spectrophotomete 
and for oxygen with a Pauling oxygen meter. Other methods used were 
previously described.! 

Results 


The results obtained by measuring variations of certain indices of periphera 
glucose utilization are summarized in TABLE 1. The glucose tolerance test: 


TABLE 1 
MEasurRED INDICES OF ‘PERIPHERAL GLUCOSE UTILIZATION” 
No demonstrable tolbutamide effect on 
Intravenous glucose tolerance 
Serum phosphate levels after glucose I.V. 
Blood pyruvate levels after glucose I.V. 
Respiratory quotient 
Nitrogen balance 
Probable tolbutamide effect on 
Blood ketones 
Plasma unesterified fatty acids 
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vith simultaneous determination of changes in blood pyruvate and serum 
jhosphate levels were carried out, as a rule, in diabetic patients before and 
everal days after the beginning of oral tolbutamide (Orinase) therapy. The 
tudy shown in FIcurRE 1, however, was carried out after a period of 9 months 
n oral tolbutamide, 1.0 gm. daily, and again 7 days after the last dose of the 
ompound. ‘This patient had been hypophysectomized 11 months previously 
nd his initial response to tolbutamide has been previously recorded.’ The 
rofile of the glucose tolerance curve was not significantly affected either by 
he institution of tolbutamide therapy or by its withdrawal. 

Ficure 2 demonstrates that the respiratory quotient of a patient with 
ntreated diabetes mellitus failed to increase after acute tolbutamide adminis- 
ration by mouth, despite a marked hypoglycemic response. In this study, 
reliminary observations had been made in order to obtain closely similar 
blood glucose curves after tolbutamide and insulin, with regard to both total 
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 Ficure2. The effect of tolbutamide on blood glucose levels and on respiratory quotient 
jn a patient with diabetes mellitus. 
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decrease in blood glucose and rate of fall. The subcutaneous administrationy 
of 14 units of crystalline insulin approximated the effect of tolbutamide ong 
blood glucose, and resulted in a small but probably significant rise in respira- 
tory quotient. ; 
The effect of tolbutamide on blood ketone and plasma unesterified fatty 
acid levels are listed in TABLE 1 as probable effects since they have been; 
obtained thus far in only a small group of patients. In these patients thes 
oral administration of single doses of tolbutamide, 2 to 4 gm., resulted int 
decreased levels of blood ketones or plasma unesterified fatty acids within; 
4 hours in patients who also showed a blood glucose response. Further 
studies of this phenomenon are under way. 
Plasma levels of insulinlike activity in normal subjects are shown in FIG- 
uRES 3 and 4, as are the corresponding blood glucose levels. In the studies ; 
$ 
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Ficure 3. Plasma insulinlike activity in fasted normal subjects. 
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‘described in FIGURE 3, blood samples were obtained before and 30 to 45 min- 


utes after a rapid saline infusion (subjects A. L. and J. C.) or simply after 
continued fasting (subjects A. R. and J. B.). In the studies described in 
FIGURE 4, blood sampling was carried out before and 10 to 40 min. after the 


‘rapid (5 min. or less) intravenous infusion of tolbutamide (37.5 mg. per kg.) 


dissolved in saline. Tolbutamide administration resulted in marked hypo- 
glycemia, and it should be emphasized that the blood glucose level decreased 
by about 50 per cent (or by about 40 mg. per cent) within 10 min. In no 
instance did plasma insulinlike activity increase after tolbutamide adminis- 
tration. The timing of the blood samples obtained will be discussed later in 
this paper. 

FicureE 5 shows blood glucose and plasma insulinlike activity levels in two 
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Ficure 4. Plasma insulinlike activity in normal subjects after intravenous tolbutamide 


(37.5 mg./kg.). 
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Ficure 5. Plasma insulinlike activity in normal subjects after intravenous insulin 
(0.1 unit/kg.). 


normal subjects, before and 10 to 30 min. after the intravenous administration 
of glucagon-free insulin (0.1 unit per kg.). In both instances, plasma insulin- 
like activity was markedly elevated 10 min. after the insulin injection, and 
this elevation persisted in one of the two subjects 10 min. later. The blood 
glucose changes after insulin were quite similar to those obtained with tol- 
butamide; in particular, blood glucose decreased by about 50 per cent, or 
40 mg. per cent, within 10 min. 

A final and as yet preliminary observation is shown in FIGURE 6. A meta-_ 
bolically normal subject was given a constant glucose infusion (0.5 gm. per 
kg. per hour) over8 hours, using a Bowman constant infusion pump. Blood 
glucose levels first increased to 180 mg. per cent at one hour, then returned 
almost to fasting levels and remained close to fasting levels throughout the 
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Ficure 6. Constant intravenous glucose infusion (0.5 gm./kg./hr.) before and after 
tolbutamide (4.0 gm. q. d. X 8) in a metabolically normal subject. Dietary intake during 
tolbutamide administration: 330 gm. carbohydrate; 67 gm. protein; 93 gm. fat. 


‘latter part of the infusion. This represents a typical normal response, com- 


monly interpreted as the result of increasing insulin secretion in response to 


the continuous infusion of glucose. The procedure was then repeated after 


8 days of tolbutamide therapy, 4 gm. daily administered in two doses by 
mouth. The last dose was given 14 hours before initiating the second glucose 
infusion. ‘Throughout the period of tolbutamide therapy, the subject was 
maintained on a constant dietary regimen consisting of 300 gm. carbohydrate, 
67 gm. protein, and 93 gm. fat. This diet exceeded the subject’s customary 


~ dietary carbohydrate intake by approximately 100 gm. daily, while the pro- 


tein and fat approximated his usual requirements. It was hoped that the 


additional carbohydrate might minimize any tendency to hypoglycemic epi- 
sodes; and, indeed, no symptomatic hypoglycemic episodes occurred. Fast- 


_ ing blood glucose levels, however, were somewhat lower than in the control 


period. It is apparent from the data shown in FIGURE 6 that glucose toler- 
ance, as measured by this rather severe stress, was strikingly decreased after 
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8 days on tolbutamide at the relatively high dose level of 4 gm. daily. It is 
premature to speculate on this finding; the observation is presented now 
purely for more general consideration of a rather striking effect. 


Discussion 


If the hypoglycemic arylsulfonylureas exert their action chiefly by stimig 
lating insulin secretion or by potentiating insulin effectiveness, the hypogly- 
cemia thus produced should be accompanied by the metabolic alterations — 
usually associated with insulin hypoglycemia. Among the changes that 
accompany the hypoglycemia produced by insulin, those concerning indices” 
of peripheral glucose utilization are perhaps the most characteristic. It is®) 
evident from the summary presented in TABLE 1 that tolbutamide-induced | 
hypoglycemia was not accompanied in these studies by clear-cut evidence of 
increased peripheral glucose utilization. However, it should be clearly under- ; 
stood that all available indices of peripheral glucose utilization in the intact 
human organism are both nonspecific and relatively insensitive. When 
attempts are made to approximate the hypoglycemic effect of tolbutamide 
with appropriate amounts of insulin, the evidence for an insulin-induced — 
increase in peripheral glucose utilization quite often also lacks conclusiveness, 
as illustrated in FIGURE 2. These studies are therefore interpreted at present — 
as failing to support the hypothesis of increased insulin secretion or effective- _ 
ness as a major component of tolbutamide-induced hypoglycemia, but by no 
means as ruling out this mechanism of action. 

The interpretation of the measurements of plasma insulinlike activity 
before and after intravenous tolbutamide is equally difficult. The particular 
experimental design was selected with the following observations in mind: 
(1) the most sudden changes in blood glucose are obtained in normal subjects 
given relatively large doses of tolbutamide by the intravenous route; (2) 
Goetz’ has reported a maximal increase in arteriovenous glucose difference 
approximately twenty minutes following the intravenous infusion of tol- 
butamide; (3) the decrease in blood glucose obtained under these conditions 
compares favorably with the changes observed during standard intravenous 
insulin tests; (4) it has been stated! that the early hypoglycemic period that 
follows the administration of hypoglycemic arylsulfonylurea is the period 
most likely to represent stimulation of insulin secretion; (5) it may be assumed 
that normal subjects dispose of an adequate insulin reserve. The conditions 
selected appeared, therefore, to provide optimum conditions for the demon- 
stration of increased insulin secretion, if such occurred. 

Plasma insulinlike activity did not increase within 10 to 40 minutes fol- 
lowing tolbutamide administration to 4 normal subjects in the course of 7 
separate experiments, thus again failing to provide evidence for increased 
insulin secretion after tolbutamide administration. It is fully appreciated 
that this negative result is of limited significance only. The measurement 
used lacks specificity (‘‘insulinlike activity” rather than insulin), sensitivity, 
and precision. However, it should be pointed out that when glucagon-free 
insulin was given intravenously in amounts producing a similar degree of 
hypoglycemia at a similar rate, definitely elevated levels of plasma insulinlike 
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uctivity were obtained within 10 to 20 minutes of the administration of the 
ormone (FIGURE 5). Furthermore, elevated levels could also be demon- 
trated with ease during and following glucose infusions. 

In conclusion, the studies carried out in this laboratory have as yet failed 
0 provide evidence suggesting the increased peripheral utilization of glucose 
r the increased secretion of insulin in man as a result of tolbutamide action. 
[his is in agreement with most studies in man that have been reported from 
other laboratories, although Goetz'* has described increased arteriovenous 
lucose differences after administration of the drug. Whereas in animals 
the evidence suggesting increased secretion of insulin after tolbutamide™ '* 
is quite convincing, in man the major argument in favor of a tolbutamide- 
induced insulin secretion resides in the observation that pancreatectomized 
patients and juvenile diabetics fail to respond to sulfonylurea administration. 
It is important to keep in mind, however, that the tissues of pancreatecto- 
mized organisms undergo a multitude of metabolic rearrangements and adap- 
tive changes, including major alterations of glycogen deposition and syn- 
thesis, of glucose utilization and production, and of anabolic and catabolic 
reactions concerned with the metabolism of proteins and fats. Many of 
these changes may persist for as long as 24 to 48 hours after the administra- 
tion of insulin.!® The abnormal response of these profoundly modified 
tissues to a given agent does not imply that the pancreas is directly involved 
in the mechanism of action of this agent. Although an effect of the sulfonyl- 
ureas on insulin secretion or effectiveness in man has not been ruled out, 
present evidence suggesting a direct effect of these compounds on hepatic 
glucose synthesis or release is stronger and more convincing to the authors. 
A complex effect combining peripheral and hepatic actions, and possibly still 
other activities, represents a distinct possibility at this time. 

Finally, it should be understood that the finding of a major effect of the 
arylsulfonylureas upon hepatic glucose synthesis or release does not imply 
‘that the hypoglycemia thus produced in diabetic patients is unfavorable or 
even harmful. In the presence of the increased hepatic gluconeogenesis 
characteristic of diabetes mellitus, a décreased release, as glucose, of the 
carbohydrate formed, resulting perhaps in an increased hepatic retention of 
‘carbohydrate, as well as in an increased release of other intermediates such 
as lactate and pyruvate, might well be a favorable effect. Whether this is 

indeed the case remains, of course, to be established. 


a : Summary 


(1) Further studies of the hypoglycemic effect of tolbutamide have been 
carried out in man in an attempt to characterize the tolbutamide-induced 
hypoglycemia as the result of either increased peripheral utilization of glucose 
or decreased hepatic release of glucose. The changes observed suggest that 
increased peripheral glucose utilization is not a major component of tolbut- 
amide action. 
_ (2) Plasma insulinlike activity was estimated by the rat-diaphragm assay 
‘technique before and after the intravenous administration of tolbutamide to 
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healthy young males. Although marked hypoglycemia resulted, no eleva- 
tion of plasma insulinlike activity could be detected. : ; } 
(3) In the authors’ opinion, the effect of tolbutamide on hepatic glucose 
release or synthesis is at present the best documented effect of the compound 


in man. 
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A CONCEPT OF THE MECHANISM OF SULFONYLUREA- 
INDUCED HYPOGLYCEMIA BASED ON STUDIES OF 
GLUCOSE AND PENTOSE DISPOSITION IN MAN 


By Thomas F. Frawley*, Stanton Segal, Mary Margaret Camus, 
and Joseph Foley 


National Institute of Arthritis and Metabolic Diseases, 
National Institutes of Health, Bethesda, Md. 


The precise mode of action of the sulfonylurea compounds is understood 
ither in laboratory animals nor in humans. Functioning pancreatic @ cells 
pear to be a prerequisite for their hypoglycemic effect. Diabetics classified 
, of the “juvenile type,” a designation reserved for a group of diabetics 
lieved to be completely insulin-deficient, do not respond to the sulfonyl- 
eas, and the hypoglycemic effect of exogenous insulin is not consistently 
hanced by these compounds. Two principal lines of approach have been 
d are being pursued to explain the hypoglycemic action of the sulfonyl- 
eas. The first deals with the presence of more effective endogenous insulin. 
is might be brought about by increasing the rate of formation or liberation 
insulin, by inhibiting its destruction or excretion, or by a synergistic or 
otentiating action. The second proposes that the sulfonylureas produce a 
patic effect, such that one or more of the enzymatic processes essential to 
e formation and release of glucose are inhibited. Evidence for the latter 
pssibility is suggested by the fact that increased hepatic glycogen stores are 
und after the administration of sulfonylureas. The accumulated informa- 
n covering these controversial matters can be found in many publications 
aling with the sulfonylureas and will not be repeated here.'* 

The studies to be presented were undertaken to elucidate the mechanism 
the hypoglycemic action of these compounds. In view of the wealth of 
ilable information regarding the effects of insulin, the first goal was to 
vise suitable techniques of study with tolbutamide that would approximate 
osely those employed in previous and fairly well-standardized insulin 
udies. The availability of the sodium salt of tolbutamide (Orinase Sodium) 
ade it possible to give this substance in rapid single doses intravenously and 
» compare the effects with those of insulin administered in an identical 
anner. A variety of studies of glucose metabolism were performed before 
nd after the intravenous administration of insulin and tolbutamide, and 
hanges in blood glucose, phosphate, and pyruvate were measured. The 
entoses D-xylose and L-arabinose were administered intravenously, and their 
isappearance was measured after insulin and sodium tolbutamide. ‘These 
articular pentoses were selected since Levine and his co-workers® have 
iown that their distribution in eviscerated nephrectomized animals is influ- 
nced by insulin; hence, the term ‘‘insulin-responsive pentoses” has been 
uggested for these sugars. More recently these same pentoses have been 
sund to be insulin-responsive in man by Segal, Wyngaarden, and Foley.*® 
'* Present address: Department of Endocrinology and Metabolism, Albany Medical 
‘ollege, Albany, N.Y. 
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Information derived from such studies in man has suggested a conveni 
template for comparing the mechanism of the hypoglycemic action of s al: 
nylureas with that of insulin. Utilizing these particular methods of stuc 
there has evolved the concept that sulfonylureas alter the sensitivity of t 
liver to endogenous insulin without producing a comparable effect on - 
peripheral action. ‘ 


Methods 


All studies were carried out in normal male and female subjects ranging ¢ 
age from 18 to 21 years. Each individual was maintained on a high car 
hydrate diet. Prior to each study the subjects were fasted for 14 to 
hr. and placed at complete rest for approximately 10 hr. An indwellii 
plastic needle in one arm was utilized as a means of providing frequent ar 
reliable blood samples. The opposite arm was used to administer any otht 
materials required in the particular test being performed. Smoking was né 
permitted during the test, and nothing was permitted by mouth but water 

The insulin tolerance test was performed according to standard procedur} 
using 0.1 unit of crystalline insulin per kg. body weight.’?. The glucose-insul! 
tolerance test described by Fraser, Albright, and Smith,’ and the insulis 
glucose tolerance test of Engel and Scott* were employed. The rapid intra 
venous glucose tolerance test of Conard e¢ a/.° was used to measure the rai 
of blood glucose disappearance. ; 

Blood glucose was measured according to the method of Nelson;'° bloo 
pyruvate by the Friedemann-Haugen method.!! Plasma phosphate wé 
determined by the Fiske and SubbaRow method.!2- Plasma levels of . | 
tolbutamide were measured using the method of Miller and his co-worke 
with modifications suggested by Forist and Miller and their associates. 
The method consists of a chloroform extraction of buffered plasma (pH 4.5 t 
4.8), concentration of the chloroform extract to dryness, solution of the result 
ing residue in 95 per cent ethanol, treatment of this solution with Darco G- 
and measurement of the absorbance of the resulting filtrate at 228 
Blood pentose values were determined by the orcinol technique, using bl 
filtrates in which glucose had been destroyed by treatment with the enzy 
glucose oxidase.'® Glucose was determined by the Nelson modification 
the Somogyi method,'° using the difference between values obtained befor 
and after incubation with the enzyme. 

For in vitro studies rabbit liver slices, about 0.4 to 0.5 mm. thick, were 
from livers of fed animals. They were incubated at 37° C. for 45 min. i 
0.12 M NaCl and 0.02 M potassium phosphate (pH 7.4) ina Warburg ap 
ratus with air as the gas phase. Sodium tolbutamide was dissolved in sali 
phosphate buffer for these studies. 


t 


Materials 


Sodium tolbutamide (Orinase Sodium) was supplied as a sterile powder | 
The Upjohn Company, Kalamazoo, Mich. The material was put in soluti 
with isotonic sodium chloride to a final concentration of 10 per cent wi 
pH 9.12. The solution was clear and colorless. The material was injec 
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avenously over a 2- to 3-min. interval. Greater concentrations or more 
d injection caused local burning and mild systemic effects. Only crystal- 
insulin (Merck Sharp & Dohme, Philadelphia, Pa.) was used in studies 
tiring insulin. 

he pentoses D-xylose and L-arabinose used in these studies were obtained 
a the Pfanstehl Co., Waukegan, Ill. These materials were autoclaved 
0 per cent solutions in distilled water and were found to be sterile and 
ogen-free prior to use. 


Results 


ypoglycemia induced with intravenous sodium tolbutamide. The rapid 
le intravenous administration of sodium tolbutamide (13 to 40 mg. 
kg. body weight) is followed by a prompt reduction in blood glucose 
/appears within 10 min. after its administration (FIGURE 1). This 
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iGURE 1. The onset of hypoglycemia after intravenous tolbutamide is prompt. The 
tive responses to the hypoglycemia occur rapidly, but there is some delay in the return 

he blood sugar to control levels. 
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depression continues over the ensuing 20 min., reaching its nadir at 30; | 
and resembling in a temporal fashion the hypoglycemic response to in 
venous insulin. Occasionally the maximum effect is not reached until 
additional 10 to 15 min. have elapsed. The hypoglycemia is followed b 
gradual return of blood glucose to normal, presumably as adaptive respor 
develop. However, the over-all glucose response to intravenous tolbut: 
differs from that seen with comparable doses of intravenous insulin. 1 
intravenous insulin (0.1 unit per kg. body weight) there is a characteri: 
return in blood glucose to control values within 90 to 120 min. With ¢¢ 
parable doses of intravenous tolbutamide there is a significant delay in 
expected return of blood glucose to control values that may persist 
210 min., with an average of about 180 min. One possible explanation ( 
this delay is the suggestion of Mirsky'® that this represents a prolongatior 
the effect of circulating insulin. Evidence from the present studies sugg 
and supports the alternate possibility of depression of hepatic glycogenoly, 
occasioned by the presence of tolbutamide in the concentrations employe 

It has been found that the hypoglycemic response in these normal subjet 
tends to vary directly with the dosage of tolbutamide. Various amounts: 
tolbutamide (13 to 40 mg. per kg. body weight) were administered intraye 
ously in order to determine the dose that would produce the same hypog; 
cemic response obtained with a standardized dose of intravenous insulin it 
given individual. While 0.1 unit of insulin per kg. body weight intravenou: 
will produce in a majority of subjects a characteristic and reproducible degi 
of blood glucose depression (40 to 60 per cent), no single dose of tolbutami 
that has similar properties has been found. Studies are in progress on tl 
matter, but are hampered by the lack of adequate knowledge regarding t 
toxicity of tolbutamide in larger acute intravenous doses than those alrea 
discussed. It is likely that a standardized hypoglycemic dose of tolbutam 
will be found eventually. : 

In FIGURE 2 the blood glucose response to intravenous tolbutamide i 
normal subjects is shown. In most instances the degree of blood sug 
depression varied directly with dosage of tolbutamide. As noted before, ho 
ever, in some subjects a point was reached when successive increments in t 
butamide did not result in an increased degree of hypoglycemia. Prelimina 
studies do not suggest the development of tachyphylaxis with tolbutam 
Therefore, once the intravenous dosage of sodium tolbutamide that produ 
a 40 per cent or greater lowering of the blood glucose in 30 min. was det 
mined, this amount was used in all subsequent studies in the individual e 
cerned. The importance of determining the proper dosage for each individ 
must be emphasized. In our experience dosages of intravenous tolbutami 
of less than 20 mg. per kg. body weight are not likely to produce consistem 
a hypoglycemia comparable to intravenous insulin. 

; In studies in which the blood drug level was determined, there was a pron 
rise, with a maximum at 10 min. and a gradual decrease over a 12-hr. pe 
(FIGURE 3). Studies are in progress to determine whether the blood glu 
effect of intravenous tolbutamide varies directly and consistently with 
plasma level of the drug. Unfortunately, the present method for measu 


rawley et al.: Mechanism of Sulfonylurea Hypoglycemia 85 


utamide is not sufficiently accurate to give the precise information 
ed. However, insignificant amounts of tolbutamide remained in the 
ma after 24 hr. Measurements of plasma levels of tolbutamide in dogs 
n oral tolbutamide, 25 mg./kg. or 100 mg./kg., have shown that approxi- 
ely 56 and 72 hr., respectively, are necessary to free the plasma finally of 
drug.” An overlapping effect of individual doses of intravenous tol- 
mide is not a serious consideration if repeat studies are contemplated in 
same individual. In order to be certain that there are no residual toxic 
ts of intravenous tolbutamide, and also as an extra precaution against 
overlapping drug effect that might jeopardize the interpretation of the 
Its of our studies, a minimum of 7 days was allowed to elapse before 
ating any tolbutamide study. 
he only untoward effects noted with acutely administered intravenous 
utamide occurred when the material was given in concentrations greater 
10 per cent or when it was administered too rapidly. Experience has 
n that in practically every instance an intravenous injection of a 10 per 
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IGURE 2. The percentage fall in blood sugar 30 min. after intravenous sodium tolbut- 
de. Symbols refer to individual subjects. Where the same symbol is repeated it 
cates the response in this individual to different amounts of tolbutamide. 
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Ficure 3. The plasma levels of tolbutamide varied with the dose administered. Aft 


24 hr. very little material remained. 


cent solution over a 3-min. period will give a comparable hypoglycemic effe 
without adverse symptoms. The local effect observed has been slight bur 
ing along the course of the vein in the immediate vicinity of the injection sit 
There has been no objective evidence of thrombophlebitis, and the venospas 
has been transient. Some subjects experienced a temporary feeling of gener: 
warmth during the injection period, and one subject reported a sour taste 
few seconds after starting the injection. Others noted a feeling of fullne 
in the head, and one subject experienced, transiently, spots before the eye 
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mo instance did any of these symptoms last longer than a few seconds after 
mpleting the injection. No evidences of leukopenia nor of renal or hepatic 
sfunction have been observed in any of the subjects studied, as determined 
repetitive blood counts, urinalysis, and liver function studies. 

Disposition of glucose after intravenous tolbutamide. In order to evaluate 
effect of tolbutamide on the disposition of glucose, comparative tests such 
he insulin-glucose tolerance test and the ‘‘tolbutamide-glucose tolerance”’ 
were employed. In the insulin-glucose tolerance test, as devised by 
gel et al.,8 insulin (0.1 unit per kg. body weight) is given intravenously, 
1 30 min. later an oral load of glucose (0.8 gm. per kg. body weight) is 
ninistered. Following this, the blood glucose rises from hypoglycemic 
els; this effect represents the combination of the adaptive responses to 
ooglycemia and the absorption of the oral glucose. In the test tentatively 
hignated as the “‘tolbutamide-glucose tolerance test,”’ a comparable hypo- 
cemic dose of sodium tolbutamide is substituted for the insulin, and the 
ainder of the test is performed identically. 

lucose absorption. Because carbutamide has been reported to interfere 
h the absorption of oral glucose in rats,!* it seemed important to determine 
effect of tolbutamide on glucose absorption in man before proceeding 
1 tests such as the “‘tolbutamide-glucose tolerance test” in which oral 
cose is employed. Information in this regard was inferred by comparing 
lucose-insulin tolerance test with one using tolbutamide instead of insulin. 
the glucose-insulin test, oral glucose (0.8 gm. per kg. body weight) and 
‘avenous insulin (0.1 unit per kg. body weight) are administered simul- 
neously. In normal subjects the blood glucose tends to remain at control 
els over a 90- to 120-min. interval. Presumably the amount of glucose 
sorbed is sufficient to maintain the blood glucose at an essentially normal 
el after the prescribed dose of insulin. The similarity of the results of a 
icose-insulin tolerance test and a glucose-tolbutamide tolerance test is 
dent in FiGURE 4. The blood sugar curve in both instances remained 
entially flat over the prescribed time interval, suggesting that glucose was ~ 
sorbed at a rate adequate ‘to balance the hypoglycemic effects of both 


ulin and tolbutamide. 


However, certain differences were noted between the insulin-glucose toler- 
ce test and the “‘tolbutamide-glucose tolerance” test in normal subjects. 
ith the former test procedure, there is an ‘‘overshoot”’ of the blood glucose 
ove the control level 30 to 60 min. after oral glucose is given. With the 
t employing tolbutamide, this “overshoot” was absent except in one sub- 
t. This suggests that one of the mechanisms participating in the elevation 
the blood sugar has been affected by the tolbutamide. As noted above, 
: Studies do not suggest that it might be due to altered glucose absorption. 
sasurements of plasma hydroxycorticoids showed that tolbutamide had no 
preciable effect on adrenal cortical activity. Other investigators have 
sorted no alteration in urinary 17-hydroxycorticoids or 17-ketosteroids.'* ° 
erefore, the most plausible explanation for the failure to obtain the hyper- 
cemia “overshoot” may well be a decrease in glucose output by the liver. 
ice the subjects in our studies were normal and on a high carbohydrate 
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Ficure 4. An insulin-glucose tolerance test and ‘‘tolbutamide-glucose tolerance test 
are compared in the same individual. The blood sugar curve remained essentially flat af 
each substance. The fall in phosphorus was more marked with insulin. The contr 
curves refer to the changes observed with administration of glucose alone (0.8 gm. per k 
body weight). 
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diet, there was little likelihood of depletion of liver glycogen stores. Inhib 
tion of hepatic glycogenolysis is an alternate possibility. Support for 
effect of tolbutamide has come from in vitro studies using tolbutamic 
(TABLE 1) and from other studies using, in addition to tolbutamide, the know 
glycogenolytic agents epinephrine”! and glucagon.”?_ Mobilization of glye 
gen from slices.of rabbit liver seems to proceed more slowly under the inf 
ence of tolbutamide. Even in the one subject mentioned earlier who sho 
an increase in blood sugar over control values in a tolbutamide-glucose tole 
ance test, the maximum blood sugar reached was appreciably below thi 
obtained in an insulin-glucose tolerance test. 


In order to explore further the effect of intravenous tolbutamide on | 
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; TABLE 1 
PERCENTAGE DEPRESSION BY TOLBUTAMIDE OF GLUCOSE PRODUCTION BY RABBIT 
LIVER SLICES 


Tolbutamide concentration* | Percentage depression 


LST 102 20 
2.74 X 1073 M 30 
3.0 261052 37.5 


* The range of blood levels found to produce hypoglycemia in animals and humans is 
moO? M tol X 10°? M. 


sposition of glucose, tests employing rapidly administered loads of glucose 
ere performed; in these the disappearance rate of blood glucose without 
rug was compared with that obtained using insulin or tolbutamide. The 
chnique employed was that described by Conard e¢ al.,° in which 50 per cent 
ucose solution, 0.33 gm. per kg. body weight, is given intravenously 
pidly, and blood specimens are drawn at 15-min. intervals for a 60-min. 
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period. The disappearance curve of the glucose is a straight line whe 
plotted semilogarithmically. These workers as well as others” who hay 
used similar glucose tolerance tests have interpreted the rate of blood glucos 
disappearance as being an index of insulin activity. In normal subjec 
Conard e¢ al. found a disappearance rate constant of 1.8 + 0.16 per cent po 
min. After insulin and glucose together it increased to 5.87 + 1.7, and,i 
one patient with hyperinsulinism it was 3.22 per cent per min. FIGURE } 
shows the results of a study employing this technique without drugs anf 
with insulin and tolbutamide. The disappearance rate constant was 1.7 
per cent per min. with glucose alone. Insulin, 0.1 unit per kg. bodi 
weight, administered simultaneously with the glucose load, increased t 
disappearance rate to 7.2 per cent per min. A previously establishee 
hypoglycemic dose of tolbutamide (25 mg. per kg. body weight), given intre 
venously with the glucose load, produced a more than twofold increase in th’ 
disappearance rate to 3.92 per cent per min. Therefore, the effect 
glucose disappearance was similar to that of insulin, although less in magnii 
tude. Other studies with sodium tolbutamide and the rapid intravenous 
glucose tolerance test devised by Amatuzio™ have also revealed an increase 
in the rate of glucose disappearance. 
| 
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Ficure 6. The effect of insulin on the semilogarithmic disappearance curve of infu: 
D-xylose. Note the phase of enhanced disappearance after insulin. The blood glucose f 


below 40 mg. per cent. This effect of insulin on p-xylose disappearance has been shown 
be independent of insulin-induced hypoglycemia.® 
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nN most instances our studies revealed a marked similarity between the 
cts of insulin and those of tolbutamide on glucose disposition. Changes 
phosphorus also tended to be similar (FIGURE 4). In marked contrast, 
od pyruvate failed to show the characteristic rise after tolbutamide 
‘ich is normally seen after insulin. Preliminary studies on serum potassium 
© suggest a similar discrepancy. These findings, which will be the subject 
a separate communication, suggested the following investigations. 
Pentose studies. D-Xylose and t-arabinose were administered intrave- 
isly in 20-gm. doses over a 15- to 20-min. period. Levine ef al.,° using the 
iscerated dog, showed that insulin acts to increase the volume of distribu- 
n of the insulin-responsive sugars. Other studies® have shown that 
ulin acts on these sugars infused into man, and the type of response 
served suggests a similar action. 

Since the response of the pentoses D-xylose and L-arabinose affords another 
terion ,of insulin activity, experiments have been performed using these 
apounds to contrast the effects of insulin and tolbutamide in the same 
ividual. FrcurEe 6 demonstrates the effect of insulin on the disappear- 
ce of infused p-xylose from blood. In the 30-min. period following insulin 
ministration the xylose disappearance was tripled. A comparison of the 
-min. postinsulin xylose level with that expected from extrapolation of the 
tial curve reveals a 40 per cent reduction in blood level. The degree of 
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Ficure 7. The semilogarithmic disappearance from blood of infused p-xylose after 
Ibutamide administration. No enhancement of disappearance is seen. With tolbut- 
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. 
enhancement of xylose disappearance compares remarkably well with t) 
effect of insulin on glucose disappearance described above. However, t! 
response of pentoses to insulin is independent of a change in blood glucos 
A strikingly different pattern was observed with intravenous tolbutamic 
This substance did not alter the disappearance curve of D-xylose (FIGURE ! 
or of L-arabinose from the blood. Thus, although the blood disappearanr 
curve of pentose was unaffected, the blood glucose fell to less than 40 mg. py 
cent. This is strongly suggestive of the fact that tolbutamide is devoid of ¢ 
insulinlike action on pentose, although a hypoglycemic effect was exhibite 
and it points to a major difference in the mechanism of action of insulin a 
tolbutamide. 
Discussion | 
These experiments were designed to compare and contrast the effect { 
intravenous tolbutamide and intravenous insulin. From these studies ce¢ 
tain inferences as to the mechanism of sulfonylurea-induced hypoglycems 
were drawn. The alteration in blood glucose that follows the administra 
tion of either of these substances is strikingly similar with respect to time « 
onset and degree of hypoglycemia, provided care is taken to determine a pra 
cisely comparable dose of tolbutamide. However, in contrast to insulii 
tolbutamide causes a delay in return of the blood glucose to control level: 
Mirsky and his co-workers'® have observed this same effect in rats and haw 
concluded that the sustained hypoglycemia is due to prolongation ot 
action of endogenous insulin brought about by the sulfonylurea. Altho 
our findings in this regard cannot disprove this opinion, the results with gl 
cose and pentose suggest alterations in normal adaptive processes as a bas 
for the slow return of blood glucose to normal after tolbutamide. It 
thought that this alteration of homeostasis has as a specific basis a disturbanc 
in the liberation of glucose from adequate glycogen stores. As mention 
before, our im vitro studies with rabbit liver slices and tolbutamide, as wella 
investigations of others, are consistent with such an interpretation. Unt 
more precise measurements of blood levels of insulin after tolbutamide ar 
made, it will not be possible to do more than speculate as to the corre 
interpretation. | 
Although altered glucose absorption could never be the prime factor i 
explaining the hypoglycemic effect of tolbutamide, it is of consideral 
clinical importance. Since there is no evidence in these studies to sugge 
any delay or impairment in this regard, the development of a severe or p 
tracted hypoglycemia in subjects receiving treatment with tolbutamide cou 
presumably be treated effectively by the administration of oral glucose. 
The effect of tolbutamide on phosphorus was similar to that of insulin a 
this element. A prompt lowering of phosphorus and a gradual return 
control or above control levels occurred with both tolbutamide and insuli 
In a few instances with tolbutamide, following the initial hypophosphatemi 
phosphorus appeared to rise higher than with insulin but, contrary to 
observations of Mohnike and Bibergeil,”® this finding was not unifort 
After insulin also, high phosphorus levels may be noted if measurements a 
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tinued for sufficient time. The lack of the anticipated rise in blood 
uvic acid after tolbutamide is in direct contrast to that seen after insulin. 
mentioned before, preliminary studies indicate that the changes in serum 
assium also differ with the two compounds. 

he studies of blood pentose disappearance are critical to the proposed 
orem. ‘The disappearance rate of the insulin-responsive sugars was 
ltered by tolbutamide, and p-xylose and L-arabinose could well be termed 
lbutamide-unresponsive pentoses.’’ Because the alteration in disappear- 
rates of these compounds following the administration of insulin is 
ught to represent increased peripheral insulin activity,® these studies sug- 
t that the sulfonylureas do not act primarily by enhancing the peripheral 
Hion of endogenous insulin. It might reasonably be suggested that our 
lure to observe an effect with tolbutamide was due to insufficient circulat- 
insulin. In other words, the release of insulin due to the tolbutamide or 
enhancement of circulating insulin was not equal to the amount of 
genous insulin shown to alter the disappearance rate of certain pentoses. 
should be noted, however, that the degrees of hypoglycemia and of hypo- 
osphatemia following either insulin or tolbutamide were comparable, 
reby at least suggesting that these effects of each compound were equiv- 
nt. Furthermore, other studies have shown that both tolbutamide and 
sulin produced a greater than twofold increase in disappearance of blood 
cose. ‘Therefore, the possibility that inadequate circulating endogenous 
sulin exists following tolbutamide in these pentose studies does not seem 
ely. The increase in peripheral glucose A-V difference known to follow 
ulin administration has not been demonstrated with tolbutamide.** This 
further evidence of a lack of a peripheral effect of tolbutamide. 

The disparity between the experimental results noted above suggested the 
cessity for a revision of existing concepts of the action of tolbutamide and 
e possibility that it might be difficult to reconcile these results with a single 
de of action of this compound. In the normal individual the liver does 
t appear to be a major site of insulin activity. In contrast to this, the 
ta presented here and from other laboratories!” 71, 26 27 point to a distinct 
id significant effect of the sulfonylureas on hepatic glucose metabolism. 
fore specifically, the sulfonylureas appear to produce a defect in glucose 
Jease and synthesis (as judged by increased hepatic glycogen), defective 
spatic glycogenolysis, and the impaired conversion of both fructose and 
lactose to glucose. Could these effects have a common background? If 
e machinery in the liver concerned with glucose metabolism were in some 
nexplained manner made more responsive to endogenous insulin, would the 
sserved findings be consistent with such an hypothesis? In this schema the 
stentiating effects of tolbutamide on endogenous insulin would be in terms 
‘an enhanced or synergized hepatic effect rather than in terms of altera- | 
ons in peripheral insulin activity. Support for this view is derived from 
1e studies of Anderson and his co-workers,2” who found that sodium tol- 
itamide (150 mg./kg. IV.) administered to an anesthetized dog caused, 
ithin 10 min., a 28 per cent drop in the output of glucose into the hepatic 
sin, and those of Purnell ¢ al.’° who observed, likewise in dogs, a fall in 
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hepatic as well as in portal glucose concentration after the administration 
tolbutamide. Furthermore, the lack of effect of tolbutamide on periphet 
glucose A-V differences’® *’ and the pentose studies already described do n 
suggest that tolbutamide increases peripheral insulin activity. If this we 
true one might reason teleologically that tolbutamide causes an increase 
hepatic glycogen and/or a decrease in glucose release and/or synthesis 
The lack of rise in blood pyruvic acid after tolbutamide, as well as the initi: 
fall observed by us” and by others,?8 might be due to the channeling of 3-ca 
bon fragments such as pyruvic acid into the liver for glycogenesis. Studi 
are in progress using pyruvic acid to determine this possibility. Similarly 
the changes noted in the blood glucose disappearance rate could also t 
interpreted as resulting from increased hepatic uptake of glucose. Pare: 
thetically, attention is directed to this latter observation since it suggest 
that, contrary to accepted beliefs, the rate of blood glucose disappearance - 
the resultant of a number of simultaneous processes and not only of peripl 
eral insulin activity. More specifically, it points toward enhanced hepat 
glucose metabolism as an important mediator of the observed effect. | 
Some workers have suggested that the sulfonylureas might act by alterini 
endogenous insulin chemically, in some unknown way.?* If this shoul! 
prove correct, it would be consonant with the above hypothesis, in that suc: 
a chemical alteration might be the cause of the increased hepatic effect 
endogenous insulin. : 
This proposed concept of an increased hepatic effect of endogenous insulix 
resulting from sulfonylurea administration might be investigated profitabl: 
by using hepatectomized animals and by measuring the effect of endogenou, 
insulin on hepatic glucose metabolism directly. One study to be reported in 
this symposium is not in agreement with this concept of an enhanced hepati 
insulin effect.*° However, as with insulin, the variabilities in response 0 
many animal species point up the fact that caution must be exercised i 
interpreting animal data in terms of man. 


Summary 


Intravenously administered tolbutamide has been shown to produce hyp 
glycemic effects comparable to those of insulin. The effects on blood gluco 
blood glucose disappearance rate, and on blood phosphorus suggest an insul 
like action. Studies of the effect of this compound on the disappearance r 
of insulin-responsive pentoses suggest that there is no enhanced periphe 
activity of insulin as judged by this criterion; other previously report 
studies support this view. We propose a concept of the mechanism of tl 
hypoglycemic action of tolbutamide according to which some of its hypogl 
cemic effect is attributed to an enhancement of the action of endogeno 
insulin on the liver without a similar proportional effect on peripheral insu 
activity. 
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FFECTS OF TOLBUTAMIDE AND INSULIN ON FRUCTOSE 
AND GLUCOSE METABOLISM IN DIABETES MELLITUS* 
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University of Illinois College of Medicine, Chicago, Ill. 


espite intensive study the locus of action of tolbutamide on carbohydrate 
abolism in man is unknown. Evidence obtained by direct infusions into 
pancreas in animals strongly suggests that the drug stimulates the secre- 
or release of insulin by the 6 cells. On the other hand, there is equally 
ng evidence to indicate that some metabolic effects of tolbutamide are 
erent from those observed following subcutaneous or intravenous injection 
nsulin.. The present report describes differences in fructose and glucose 
abolism in diabetic patients given tolbutamide and insulin. 


Subjects and Methods 


iabetic patients were divided into four groups: (1) “obese” diabetes 
dult,” nonketotic, noncatabolic); (2) “thin” diabetes (“‘juvenile,” ketotic, 
bolic); (3) ‘“‘steroid” diabetes (due to hyperfunction of the pituitary- 
enal system); and (4) ‘“‘pancreatic” diabetes (due to destruction of the - 
creas by surgery or disease). 

e techniques and methods used have been described previously." ” 
h patient was admitted to the metabolic ward. Insulin injections were 
ed, and studies were delayed until his metabolism had reverted to its 
ormal untreated state. Tolbutamide response tests were begun after a 
een-hour overnight fast, unless otherwise indicated. Three to five 
ms of tolbutamide were given by mouth, followed by venous blood sam- 
at hourly intervals for eight hours. In each case on a different day 
ctly similar observations were made without giving tolbutamide. 

n the second group of experiments a steady absorptive state was main- 
ned by continuous tube feeding.” A nutritionally balanced synthetic 
lid diet containing glucose or fructose as the sole carbohydrate was 
ivered through a tube into the gastrointestinal tract at a constant rate 
7 and night. 
Results 

n both the “obese” and “steroid” groups of diabetic patients tolbut- 
ide uniformly produced a decrease in the level of glucose in the blood. In 
“thin” and in the “pancreatic” groups of diabetic patients it had no 
ct. Tolbutamide therefore caused a response only in thos diabetic 
ents whose plasma contains measurable amounts of insulin.’ Typical 
The work on which this paper is based was supported in part by grants from The 
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tolbutamide response tests in an obese diabetic patient without cet 
and in a thin diabetic patient with ketosis, are shown in FIGURES 1 and 
respectively. 

A previous report? describes studies on the metabolism of glucose a 
fructose in patients with untreated diabetes while they were maintaineds 
a steady absorptive state by continuous tube feeding. Either glucose: 
fructose constituted the sole dietary carbohydrate. In a group of “thi 
patients with ‘“‘ketotic” diabetes, constant feeding of glucose caused ele» 
tion of the level of glucose in the blood and did not influence ketosis ai 
nitrogen loss. Constant feeding of fructose alleviated the ketosis and oth 
metabolic abnormalities, while permitting the blood glucose values to retu 
to the fasting level. No fructose was found in the peripheral blood. Fieu 
3 illustrates the blood glucose changes in three patients from this gry 
These patients did not respond to tolbutamide. ) 

Patients with nonketotic ‘“‘obese” diabetes reacted differently. Chang 
in blood glucose during continuous tube feeding in such a patient are sho» 
in FIGURE 4. The blood glucose level increased to a marked degree durit 
constant feeding of glucose, but it failed to return to the fasting level durit 
constant feeding of fructose. The tolbutamide response was complete 
absent during constant glucose feeding, but was restored during constaj 
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Ficure 1. : The effect during fasting of 3 gm. of tolbutamide by mouth on the 
glucose level in an obese patient with nonketotic diabetes. Stopping the daily injectic 1 
60 units of NPH insulin did not alter the blood glucose level, but after tolbutami 
decreased from 360 to 160 mg. per 100 ml. within 8 hours. The interrupted line illust: 
the change during a similar fast on a different day without medication. Changes in 


pyruvate and blood lactate are discussed elsewhere.! (R 
parte ial where.1 (Reproduced by courtesy 0! 
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[GURE 2. ‘The effect during fasting of 5 gm. of tolbutamide by mouth on the blood 
ose level of a thin patient with ketotic diabetes. The values for blood glucose remained 
tant both during a control fasting period without medication (interrupted line) and 
tolbutamide (solid line). (Reproduced by courtesy of the editor of Metabolism.) 
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IGURE 3. The blood glucose levels found during fasting, during continuous glucose 
s feeding, and during continuous fructose tube feeding in three patients with ketotic 
yetes. During the periocs of tube feeding, a nutritionally balanced synthetic liquid diet 
‘aining either glucose or fructose as the sole carbohydrate was delivered into the stomach 
constant rate “around the clock.” In the initial period, morning fasting blood glucose 
les were obtained while the patient consumed a three-meal-per-day solid diet that was 
ric with the tube feeding to follow. When continuous tube feeding with glucose as 
only carbohydrate was given, the level of glucose in the blood increased. However, 
n fructose was substituted for glucose in the tube feeding, the level of glucose in the 


d in each case returned to the value found during fasting. 
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Ficure4. The effects during continuous tube feeding of 4 gm. of tolbutamide by mou} 
on the blood glucose level in an obese patient with nonketotic diabetes. A nutritional 
balanced synthetic liquid diet containing either glucose or fructose as the sole carbohydra 
was delivered into the stomach at a constant rate “around the clock.” During a pn 
liminary period of study on a solid diet the morning fasting blood glucose value was appro: 
mately 200 mg. per 100 ml. When continuous tube feeding containing glucose as the o 
carbohydrate was given, the level of glucose in the blood increased to approximately 500 m 
per 100 ml. Daily doses of tolbutamide had no effect on blood glucose values during tk 
period. When fructose was substituted for glucose in the tube feeding, the level of gluco 
in the blood decreased only slightly, and remained far above the fasting value. Howeve 
daily doses of tolbutamide caused the blood glucose level to decrease sharply from 450 
250 mg. per 100 ml. (Reproduced by courtesy of the editor of Metabolism.) 4d 


: 
fructose feeding. Ficure 5 illustrates the response of another patient wit 
“nonketotic” diabetes to single doses of tolbutamide and insulin during fas 
ing, during constant glucose feeding, and during constant fructose feedin 
It can be seen that, after the oral administration of tolbutamide, the bl 
glucose level decreased during fasting and during constant fructose feedi 
but did not change during constant glucose feeding. After the injection 
insulin, the blood glucose level decreased equally during glucose and f 
tose feeding. 


Discussion and Conclusions 


Only those patients who retain the ability to produce insulin* respond 
tolbutamide. This suggests that tolbutamide lowers the blood glucose lev 
by stimulating the release of insulin or by potentiating the action of insuli 
Experiments employing perfusion of the pancreas? and cross-circulation t 
niques’ appear to establish the existence of the former mechanism beyol 
reasonable doubt. 


However, if the action of tolbutamide is mediated by insulin release 
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TGURE 5. The effects during fasting, during continuous glucose tube feeding, and 
ring continuous fructose tube feeding, of tolbutamide (Orinase) by mouth and of insulin 
‘injection on the blood glucose level in a patient with nonketotic diabetes. During the 
iods of tube feeding, a nutritionally balanced synthetic liquid diet containing either 
cose or fructose as the sole carbohydrate was delivered into the stomach at a constant 
e “around the clock.” The dotted line (x-------- x) represents the blood glucose values 
nd during control periods, without medication. ‘The solid lines (¢ ©) represent 
lues found after giving 3 gm. of tolbutamide by mouth, and show that the blood glucose 
el decreased during fasting and during continuous fructose tube feeding, but not during 
tinuous glucose tube feeding. The interrupted lines (O— — — O) represent values 
nd after the subcutaneous injection of 10 units of soluble insulin, and show that the 
od glucose level decreased both during continuous glucose tube feeding and during 
tinuous fructose tube feeding. 


tentiation, its metabolic effects should be exactly the same as those of 
sulin. They are not. Tolbutamide does not improve glucose tolerance,® ~ 
es not accelerate glucose oxidation,’ and does not increase pyruvate forma- 
n.® The present report shows that, unlike insulin, its effectiveness dis- 
pears during glucose absorption. This finding suggests that tolbutamide 
incipally influences the output of glucose by the liver.? During constant 
ucose absorption, hepatic glucose release is already inhibited physiologi- 
Ily;° during constant fructose absorption, the liver must synthesize and 
lease glucose to supply the needs of the body. 

There is, therefore, convincing evidence to show that tolbutamide stimu- 
tes the release of insulin from the pancreas. There is equally convincing 
idence to indicate that many of its metabolic effects are different from those 
oduced by the injection of insulin. These effects can be explained by an 
tion on the liver. These two modes of action are not mutually exclusive. 
ie emphasis different investigators place on the primacy of one action or 
e other may be due to differences in routes of administration of the drug, 
the use of different doses, or to different metabolic responses in the species 
animals studied. However, it is possible that endogenous insulin released 


a 
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into the portal circulation may not have the same effects as exogenous ins Y 
entering the peripheral circulation. If this is true, the possibility exists tH 
all the effects of the drug may be the result of release of endogenous insu! 


into the liver via the portal vein. ; 
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THE ROLE OF INSULINASE IN THE HYPOGLYCEMIC 
RESPONSE TO SULFONYLUREAS* 


By I. Arthur Mirsky, Gladys Perisutti, and Simon Gitelson 
artment of Clinical Science, University of Pittsburgh School of Medicine, Pittsburgh, Pa. 


he hypoglycemic response of the healthy animal or man to the adminis- 
tion of a single dose of tolbutamide (Orinase) is divisible into two phases: 
an initial phase lasting less than one hour, during which a maximum 
rease in the blood sugar concentration occurs; and (2) a subsequent phase 
estitution, lasting a variable period of time, during which the blood sugar 
radually restored to its initial concentration (FIGURE 1). With an oral 
age of less than 50 mg. tolbutamide per kilogram of body weight, both 


10mg./ kg. 20mg./ kg- 50 mg./ kg: 100 mg./kg. 


Rios 450 ll 23564 9590) I) 12 9S 4. 5 Or) 2° 3°45 


Hours after sulfonylurea 


¢ 


iGuRE 1. The hypoglycemic response of man to various doses of tolbutamide by mouth. 
e blood sugar concentration at each interval is expressed as the percentage (mean + S.E.) 
the concentration immediately before the tolbutamide by mouth. Reproduced from 
sngott and Mirsky! (by courtesy of the Journal of Pharmacology and Experimental 


erapeutics). 

ases of the response are dependent upon the dosage. Larger dosages, 
wever, do not increase the initial phase, but may decrease the rate at which 
» blood sugar concentration is restored to its initial level.’ 

Destruction or removal of the 6 cells of the pancreas prevents the hypo- 
rcemic response to the aryl sulfonylureas in man,” * * dog,” Soe © gat tue 
sbit,® 1! and toad.’ Ducks and chickens, however, develop the same 
poglycemic response in the presence or absence of the pancreas.’ Thus, in 
‘The work on which this paper is based was aided by grants from The Upjohn 
mpany, Kalamazoo, Mich., and from the United States Public Health Service 
1409). 
“i : 
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all species except the fowl, the hypoglycemic response to tolbutamide cam 
be due to an insulin-independent glycogenic or glycogenolytic mechanis 
since such could occur also in the absence of the pancreas. All the availalj 
evidence indicates that the initial phase of the hypoglycemic response of me 
species is dependent upon the direct stimulation of the 6 cells and the di 


charge of insulin into the circulation from pancreatic stores.!* 


the concentration of extractable insulin in the pancreas also result inf 
decrease in the degree and rapidity with which the hypoglycemia develop 
Thus, the daily administration of from 2 to 3.5 mg. growth hormone 7] 
kilogram of body weight to dogs for 6 to 8 days results in an extensive degrar 
lation of the cells of the islets of Langerhans and a reduction in the conee 


the development of hyperglycemia.'4 Thesame treatment prevents the initit 


rapid hypoglycemic phase that otherwise occurs in the dog given tolbutami 
by mouth (FIGURE 2). Similarly, fasting, which results in a decrease in tlt 
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needs: 2 Effect of growth hormone on the hypoglycemic response of the dog to tolk 
is e, Se depict the response to the intravenous injection of 25 mg. tolbutamide pe 
ogram body weight before (A) and during (B) the intramuscular administration of fror 


5 mg. (fourth to tenth day) to 7 
AGG Ne oe y) mg. (eleventh to fourteenth day) growth hormone pe 
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Ficure 3. Effect of fasting on the hypoglycemic response to insulin and to tolbutamide. 
he blood sugar concentration (mean +S.E.) at each interval is expressed as the per cent 
the pretreatment level. Insulin (0.5 units per kilogram) administered intraperitoneally 
t 0 time to 20 rats after overnight fast (& ©) and to 25 rats after a fast of 8 days 
—-——-—®) Tolbutamide (50 mg.) administered by stomach tube at 0 time to 20 rats 
fter overnight fast (® ©) and to 15 rats (°— — —®) after a fast of 8 days. 


mount of insulin that is extractable from the pancreas,’ results also in a 
ecrease in the hypoglycemic response to tolbutamide by mouth (FIGURE Si 
‘he decreased response of the fasted rat is not due to a resistance to the 
ction of insulin, since similarly fasted rats show an increased response to a 
tandard dose of exogenous insulin.'* Further, whereas the alloxanized rat 
rt rabbit with severe diabetes does not respond to tolbutamide, the al- 
xanized rat or rabbit with mild or moderately severe diabetes responds 
“ith a gradual decrease in the blood sugar concentration rather than with 
he rapid initial fall observed in the normal animal (FIGURE 4). Finally, the 
yajority of patients who develop diabetes mellitus after the age of 40 years 
“maturity onset” type) have significant, though diminished, concentrations 
f extractable insulin in the pancreas.17 Such patients respond to the 
olbutamide by mouth only with a slow progressive decrease in the blood 
ugar concentration rather than with the rapidly developing initial phase 
bserved in healthy subjects.'® 

_A rapid discharge of insulin from the pancreas into the circulation, how- 
ver, cannot account for the restitution phase of the hypoglycemic response 
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to the sulfonylureas. Thus, in healthy subjects the intravenous injection off 
0.1 unit insulin per kilogram of body weight produces the same immediate 
response in the blood sugar concentration that occurs after the ingestion of: 
50 mg. tolbutamide per kilogram body weight (FIGURE 5). In both instances 
the same degree of hypoglycemia is attained in approximately 30 minutes.) 
Thereafter, however, the responses differ markedly in that the blood sugar 
returns to the range of the initial concentration within 2 hours after the 
insulin, while it remains significantly below the initial concentration at 5 
hours after the tolbutamide. : 

The difference between the response to exogenous insulin and the response 
to tolbutamide can be attributed to a decrease in the rate of destruction of 
the insulin that is discharged into the circulation. Such a decrease would 
ensue if tolbutamide inhibited the action of insulinase. It has been demon- 
strated that insulinase can be inhibited in vitro and in vivo by the aryl 
sulfonylureas. Thus, there is a marked reduction in the insulinase activity’ 
of the livers of rats in one hour after the administration by mouth of dosages} 
of tolbutamide that induce hypoglycemic responses (FIGURE 6).!° Similar: 
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Ficure 4, Effect of tolbutamide on the blood sugar of alloxanized rabbits. The 


alloxanized animals (O ©) were grouped : i i i 
ped as follows: 8 animals with fasting blood sugars 
of less than 150 mg: per cent, 8 with blood sugars between 150 and 300 mg. aid cent, anal 


ie sah above 300 mg. per cent. Nine untreated rabbits served as controls 
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50 mg, sulfonylurea/ig/os 


HOURS 


Ficure 5. Comparison of the hypoglycemic responses of man to the intravenous injec- 
ion of insulin and to tolbutamide by mouth. The blood sugar concentration at each 
nterval is expressed as the per cent (mean + S.E.) of the concentration immediately 
before the administration of insulin or tolbutamide. Reproduced from Diengott and 
firsky! (by courtesy of the Journal of Pharmacology and Experimental Therapeutics). 


Jata have been obtained more recently in the chicken (FIGURE ye  Ltos 
sertinent to note that the reduction in the insulinase activity of the liver 
yccurs at about the beginning of the restitution phase of the hypoglycemic 
response. 

In accord with the i vivo studies, we found that the insulinase activity of 
1 fresh standard extract of rat liver was inhibited 7x v7tro in the presence of 
3.5 X 10-2 M tolbutamide.“ This was apparently confirmed by Williams.” 
Subsequently, Vaughan” reported that from BPC tons O10 Ms 
tolbutamide produced no effect on the insulinase activity of whole homoge- 
nates of rat livers. More recently, Williams and Tucker” reported that the 
soncentration of tolbutamide required to produce an inhibition of the insulin- 
Jegrading system of the liver was in excess of 10-3 M, yet an inhibition of 
ilmost 50 per cent was obtained with approximately 1.6 X 10-* M*. In 
view of the above, we repeated our studies and found that the heat-labile 


ies 
_ * Computed from FicurE 1 in Williams and Tucker.” 
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system that is responsible for the destruction of insulin by fresh extracts } 
rat and duck livers is inhibited by tolbutamide in concentrations as low asi 
5 X 10-4 M (F1GuRE 8). The heat-stable factor in liver extracts that appar- 
ently deiodinates I'*!-labeled insulin®® is not affected appreciably by tok 
butamide. The concentrations used in this study are within the range of! 
those found in the circulation one hour after the administration of tolbut-- 
amide in doses that produce hypoglycemia. The apparent discrepancy 
between the data reported herein and those of others may be due to differ-- 
ences in the potency of insulinase extracts. Thus, an extract that is rich imi 
the heat-stable factor and poor in the heat-labile factor will show very little: 
inhibition in the presence of sulfonylurea. - 

If an inhibition of insulinase is involved in the hypoglycemic action of the 
sulfonylureas, then the administration of tolbutamide should induce at 
decrease in the insulin requirements of the completely depancreatized dog ; 
and an enhancement of the hypoglycemic action of exogenous insulin. Sug \ 
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Ficure 6. The insulinase activity of extracts of livers from rats given tolbutamide oh 
gavage. Rats given gavage of 100 mg. tolbutamide per kilogram body weight. Livers. 
removed from 10 rats at each designated period, standard extracts prepared from each 


liver and assayed.2® The insulinase activit i insuli 
ed. y expressed as units of insul 
100 gm. protein (mean + S.E.). : mec se 
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Ficure 7. The insulinase activity of extracts of livers from chickens given tolbutamide 
travenously (see FIGURE 6). 


a decrease in insulin requirements has been reported by Campbell** and by 
Sirek and Sirek.2° Contrary results have not been reported. Although it 
as been claimed that the sulfonylureas do not enhance the hypoglycemic 
action of exogenous insulin in the depancreatized dog,® the data reported by 
Houssay provide a decisive demonstration that such an enhancement can be 
produced.?* Likewise, an enhancement of the hypoglycemic action of 
exogenous insulin can be demonstrated in patients with diabetes mellitus who 
do not respond to the sulfonylureas alone. Whereas the hypoglycemic 
response to the intravenous injection of a standard dose_of insulin is essen- 
tially the same when a second dose is given four hours after the first, a 
marked enhancement of the response ensues if the second dose of insulin is 
preceded by the ingestion of tolbutamide.” 
The studies reviewed herein make it appear probable that the initial 
hypoglycemic response to the tolbutamide is due to stimulation of the 6 cells 
of the islets of Langerhans and the discharge of insulin into the circulation, 
while the prolongation of the hypoglycemia is due, in part at least, to an 
inhibition of insulinase and a consequent decrease in the destruction of the 
endogenous insulin. This hypothesis does not preclude the possibility that 
additional mechanisms may be involved in the production of both phases of 
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Ficure 8. Effect of tolbutamide im vitro on the insulinase activity of extracts of rat 
livers. Ten standard extracts prepared with 0.02 N sodium bicarbonate.”° 1 ml. unboiled 
and 1 ml. boiled extract each incubated with 1 ml. Macllvaine’s buffer containing I! 
labeled insulin and no or different concentrations of tolbutamide for 30 minutes at pH 7.8 
and 37°C. Rate of release of trichloroacetic acid-soluble radioactivity determined and 
the per cent of inhibition (mean + S.E.) produced by tolbutamide computed for the heat 
labile insulinase (stippled bars) and the heat-stable factor (blank bars).?° 
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the hypoglycemic response to the sulfonylureas. Such additional mecha> 
nisms must be effective in the fowl where the hypoglycemic response to the 
sulfonylureas is independent of the presence of the pancreas. 
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THE EFFECT OF TOLBUTAMIDE ON GLUCOSE PRODUCTION 
BY THE LIVER JN VITRO 


By Martha Vaughan ; 
National Heart Institute, National Institutes of Health, Bethesda, Md. t 
The concentration of glucose in the blood in the fasting state may 
be altered by changes in the rate of hepatic production and/or of | 
peripheral utilization of glucose. Most of the available evidence indicates: 
that peripheral utilization of glucose is not enhanced by doses of the sul-. 
fonylureas that cause hypoglycemia. The glucose tolerance curve is not 
affected,'> nor is the oxidation of C'-labeled glucose accelerated in the 
eviscerated rabbit. It has been demonstrated” * that the injection of the 
drugs directly into the pancreatic circulation causes the release of an insulin- 
like substance from the pancreas. However, the effects of the sulfonylureas : 
in the whole animal differ in many ways from those of insulin, and there is 
little evidence that they possess an insulinlike action or are able to increase: 
the amount, or potentiate the effect, of insulin in the peripheral circulation. . 
The decrease or absence of the hypoglycemic action in alloxan diabetic or’ 
totally pancreatectomized animals has been interpreted as an indication that | 
the sulfonylureas exert their effects through stimulation of insulin release. . 
However, it is equally possible that the secondary derangements of metabo- : 
lism that occur in the tissues of insulin-deficient animals either prevent or | 
mask the effects of these drugs. 
On the other hand, effects of the sulfonylurea derivatives on the hepati¢ 
release of glucose have been demonstrated in a variety of ways. In humans 
and in dogs, during fasting and after fructose or galactose administratio 
tolbutamide causes a decrease in the output of glucose from the liver.!: > % 1 
The rate of glucose release from liver slices incubated in vitro is diminished 
when tissue is obtained from rabbits pretreated with tolbutamide.!! In addi- 
tion, it has been observed that liver glycogen levels are higher in rats given 
tolbutamide than in untreated animals.'“!* In a series of in vitro experi- 
ments we have explored the effects of tolbutamide on some of the reactions 
involved in the conversion of liver glycogen to blood sugar. 
Liver glucose-6-phosphatase activity. Our attention was first directed 
toward a possible effect of tolbutamide on the activity of liver glucose-6- 
phosphatase. As reported previously,'* we were able to demonstrate ne 
effect of tolbutamide at a concentration of 5 X 10- M on the activity of 
glucose-6-phosphatase assayed by the method of Cori and Cori! in homog- 
enates of rat and of rabbit liver. This lack of inhibition by tolbutamide 
added im vitro has been confirmed by other workers.!® 17 However, a 
decrease in the activity of this enzyme in the livers of rats given the drug 
for one or two days has been observed.'! 16 This effect develops after the 
initial hypoglycemia and probably does not represent a direct effect of the 
drug. It may be analogous to changes in activity of the enzyme seen after 
insulin treatment, which are presumed to be secondary to other metabolic 
112 
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ects and to reflect rather than to cause changes in glucose output by the 

er.** 

Glucose formation by liver slices. Sutherland'® has shown that when slices 

liver obtained from fed animals are incubated im vitro the rate of release 

glucose into the medium is a function of the amount of active phosphorylase 

esent in the slices during the incubation period. The concentration of the 

tive form is dependent upon the relative rates of inactivation (dephos- 

orylation) and reactivation (phosphorylation) of phosphorylase. The 

rmer is catalyzed by a phosphatase,” while phosphorylation of the inac- 

‘e dephosphophosphorylase involves the action of a phosphokinase.” 

hen rabbit liver slices are incubated iz vitro in buffer alone, the process of 

ctivation is predominant and phosphorylase activity decreases rapidly. 

epinephrine or glucagon is present during the incubation, a higher level 

active phosphorylase is maintained and is manifested in an increased for- 

ation ef glucose under these conditions. This effect, which mirrors the 

tion of epinephrine and of glucagon im vivo, is caused by an increase in the 

te of resynthesis of active phosphorylase.” Because of the importance of 

ese reactions in the regulation of glucose production by the liver it was 

nsidered that this enzyme system might be the site of action of tolbut- 

ide. In the experiments to be described, the amount of glucose released 

liver slices incubated in vitro under various conditions served as an indi- 

tion of alterations in the activity of this system. 

For each experiment successive slices from a single piece of liver were 

ed. As shown in TABLE 1, tolbutamide had no effect on the release of 

ucose from rat or from rabbit liver slices. The value in parentheses is the 
ean of the percentage effects of tolbutamide calculated for each pair of 
ices, one with and one without the drug. The effect of tolbutamide on the 
crement in glucose release produced by glucagon was next explored. TABLE 
contains the results of preliminary experiments employing amorphous insu- 
1 as a source of glucagon activity. In this brief series the glucagon effect 
as consistently lower in the slices incubated with tolbutamide. The inhi-” 
ition by tolbutamide (5 X 10-* M) of the effects of purified glucagon 


<; TABLE 1 
Errect oF TOLBUTAMIDE ON GLUCOSE RELEASE BY LIVER SLICES 
E 
¥" Mg. glucose per gm. liver 
; Tolbutamide : 
rs 5 2058 
| Mean S.E.M. 
x = 
IPGR? (Oye 2 oka n oe eee aac 0 6.1 0.60 
+ ‘Owl 0.45 
(Tolbutamide effect)....... (+2.3 per cent) (8.8) 
; ReaD Dita Ole me ereysaeeeerc ance es. aie 0 4.7 6.48 
+ 4.3 0.41 
_(Tolbutamide effect)....... (—7.0 per cent) (5.6) 
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(6 experiments) and of epinephrine (10 experiments) is shown in TABL: 
Studies with epinephrine have been repeated many times in experiments 
included in this table, with similar results. Several lower concentra 
of tolbutamide have also been used. In a short series of experiments wil 
5 X 10-4 M tolbutamide the epinephrine effect was decreased about 40 p 
cent. 
Although these experiments could be interpreted to indicate an action — 
the drug at the level of phosphorylase, it was possible that inhibition of t 
increased glucose output induced by epinephrine or glucagon was due to: 
inhibition of either phosphoglucomutase or of glucose-6-phosphatase insufil 


TABLE 2 
Errect or TCLBUTAMIDE ON GLUCOSE RELEASE BY RABBIT LIVER SLICES 
IncuBATED wiTH “GLUCAGON”? (AmMorPHOUS INSULIN) 


““Glucagon”’ effect 
Mg. glucose per gm. liver 
E 3 : Per cent 
xperiment | __ ee ee 
Control Tolbutamide 
1 +2.6 +1.2 —54 
2 +3.3 +1.7 —49 
3 +1.6 +0.7 —47 
4 +3.2 +1.2 —63 
Mean, . 2... +2.7 +1.2 —53 
TABLE 3 


Errect OF TOLBUTAMIDE ON GLUCOSE RELEASE BY RABBIT LivER SLICES 
INCUBATED WITH GLUCAGON OR EPINEPHRINE 


= 


Glucagon effect* 
Tolbutamide e 
5 X 10-3 MW 
Mean S.E.M. 
Ue nn, ee eee A ree SOR ROR & 2.0 0.23 
eae ter Sati Shep sannta tofegakio shea te ieaseTR bass tan orl - 0.2 0.07 
% inhibition due to tolbutamide.......... 87.3 3.6 
Epinephrine effect* 
OB et oak fa teh oad eR a oe ee Rin 0.26 
Feeeeeee Ae eee en oe ee 0.6 0.22 
% inhibition due to tolbutamide.......... 85.7 7.6 


a 
* Extra mg. glucose released per gm. of liver due to glucagon or epinephrine. 
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nt to alter the control rate of glucose output, but sufficient to make one 
these reactions the rate-limiting step in glucose release when the phos- 
orylase step was accelerated. Therefore, the effect of tolbutamide on the 
cose output was determined after the addition of glucose-1-phosphate to 
émedium. ‘The results of these experiments are shown in FIGURE 1. The 
st three bars show the glucose output of the controls, the slices with epi- 
phrine alone, and those with epinephrine plus tolbutamide. The last three 
rs show the glucose output with glucose-1-phosphate alone, plus epineph- 
e, and plus epinephrine and tolbutamide. Data not shown here indicate 
at tolbutamide had no effect on the output of glucose in the presence of 
cose-1-phosphate alone. Even in the presence of tolbutamide the addi- 
bn of glucose-1-phosphate leads to a great increase in glucose output (last 
r). The tolbutamide effect noted when both epinephrine and glucose-1- 
hosphate are present corresponds roughly to the increment in glucose out- 
ht associated with the addition of epinephrine. Thus, no effect on glucose- 
phosphatase or phosphoglucomutase need be postulated to explain the 
sults. 
It is evident that, under the conditions of these studies, tolbutamide inter- 
es with the conversion of liver glycogen to glucose. More specifically, it 
ay be deduced that the phosphokinase which catalyzes the formation of 
tive phosphorylase is inhibited, as suggested previously.4 Berthet e¢ al." 


) 5 Ke) IS 20 25 
MG. GLUCOSE FORMED PER GM. LIVER 


Ficure 1. Glucose release by rabbit liver slices with additions as noted on each bar. 
i = epinephrine, O = tolbutamide, G-1-P = glucose-1-phosphate. 
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have recently reported that tolbutamide and carbutamide inhibit phosp 
ylase reactivation in a liver homogenate system. The concentrations use 
as in the experiments reported here, were somewhat higher than the b 
levels required to produce hypoglycemia. These workers also studied t 
effects of other sulfonyl compounds on the phosphorylase reactivation syst 
and were unable to correlate inhibition in this system with effects on blo 
sugar in vivo. Neither the latter observation nor the fact that the conce 
trations of sulfonylurea needed to cause inhibition 7m vitro are five to 1 
times the usual blood levels excludes an effect at this site as the mechanis| 
of hypoglycemic action since there are numerous factors, such as intracellul: 
localization, binding to protein, and rates of metabolism and excretion, th 
are important in the determination of the efficacy of a drug in the inta 
animal. : 

Although it would be unwarranted to conclude that the 7 vivo effects « 
tolbutamide are due exclusively to the inhibition of synthesis of active pho 
phorylase which has been demonstrated in vitro, there is considerable eviden 
compatible with such a possibility. On the other hand, there remains j 
large body of data that is difficult to explain on the basis of an effect of th 
sulfonylureas at any single site. Some of the apparently contradictory fine 
ings may be due to the wide variations in dosage and differences in anima 
species employed in these studies. Furthermore, in all probability carbu, 
amide and tolbutamide do, to a greater or lesser degree, influence more t 
one enzyme system, and it is quite possible that some of the effects of 
two drugs are different qualitatively and quantitatively. It is likely t 
for a complete understanding of the mechanism of-action of these drugs 
must await further knowledge of the factors involved in the regulation 
integration of metabolic pathways at the molecular level. 
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STUDIES ON THE ABSORPTION, MECHANISM OF ACTION, A 
AND EXCRETION OF TOLBUTAMIDE IN THE RAT 


By W.L. Miller, Jr., J. J. Krake, M. J. Vander Brook, ] 
and L. M. Reineke ! 
Departments of Pharmacology and Biochemistry, The Upjohn Company, Kalamazoo, M 


Introduction 


Apomnese 


In a recent review Levine! has outlined the theories postulated for 
mechanism of the hypoglycemic action of tolbutamide (Orinase*). 
similar compounds studied earlier by Loubatiéres? (sulfanilamido-isopropyj 
thiadiazole) and Chen? (sulfanilamido-cyclopropylthiadiazole), tolbutami 
is not an effective hypoglycemic agent in depancreatized or thorough 
alloxanized animals, as shown by Mirsky e¢ al.4 and Baender and Scholzz 
Therefore, it appears that active islet tissue must be present if these drugs 4 
to be fully active. In addition, Miller et a/.* 7 have shown that tolbutamide 
increases liver glycogen only in the fasted intact rat. Work reportes 
by others indicates that this is probably a result of decreased glycoges 
breakdown.**4 

Therefore, in the rat it seems reasonable to conclude that tolbutamid! 
probably stimulates insulin release by the pancreas and, in the fasted ani 
at any rate, decreases hepatic glycogen breakdown so that the over-al 
mechanism involved in the hypoglycemic response differs from that 
injected insulin. In a further attempt to compare responses of rats to tol 
butamide with known actions of insulin, we have measured the rate of oxi 
dation of C,'4-glucose (uniformly labeled) to CO. by healthy and severe 
alloxan-diabetic animals. In addition, the resulting specific activity of liv 
and muscle glycogen was determined in healthy rats. 

Tolbutamide produces hypoglycemia rapidly after oral administration t 
rats, dogs,® and humans.'* Since these observations suggested effective gas 
tric absorption it was of interest to study to what extent this was possible 
The present report also includes studies concerning the urinary excretion 0 
tolbutamide by the rat. 


Experimental 


For the absorption studies, 24-hr.-fasted male albino rats (130 to 135 gm, 
were divided into 2 groups of 6 rats each. The rats were anesthetized ine 
vidually with ether and surgically prepared by either ligation of the pyloru 
alone or ligation of both the pylorus and the duodenum at a point about 3 ¢ 
from the pylorus. For gastric absorption studies, 1 ml. of an aqueous solt 
tion of the sodium salt of S**-tolbutamidet (270 mg./kg., 7.4 X 10° c.p.m 
was injected into the lumen of the stomach using a 1 ml. capacity tubercull 
syringe. For duodenal studies 0.2 ml. of solution containing the same dose ¢ 
tolbutamide was injected into the ligated segment. The abdominal inc 


* The Upjohn trademark for its brand of 1-butyl-3-p-tolylsulfonylurea. 
{ Generously supplied by Farbwerke Hoechst, Frankfurt-am-Main, Germany. 
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m was closed with wound clips during the experimental period. Periodi- 
ly the rats were anesthetized with ether, oxalated blood samples (0.3 ml. 
cardiac puncture) were taken for blood sugar analysis (micro Folin-Wu'), 
H the plasma counted for S** activity using corrections for self-absorption 
H decay. After 7 hours, the remaining S** activity recovered from the 
sorption areas was counted and the percentage of absorption calculated. 
or the studies on mechanism of action, 24-hr.-fasted or well-fed intact 
le albino rats (150 to 155 gm.) were given either 4.14 X 10° c.p.m. (0.8 
.) or 9.95 X 10° c.p.m. (1.93 mg.) of C,!4-glucose or were given 6.10 X 108 
m. (0.18 mg.) of 2-C*-glycine intraperitoneally. The equipment used 
collecting and counting the respiratory C'4O, has been described, and the 
bcedures used for determining and counting liver and gastrocnemius mus- 
glycogen have been published elsewhere.’ Some rats were given tol- 
amide (270 mg./kg. orally), while others were given 3 units/kg. of 
mstalline insulin* subcutaneously. In fasted animals the hypoglycemia 
bduced by the injected insulin was more intense but shorter in duration 
an that observed from tolbutamide. In well-fed rats the maximum hypo- 
cemia from insulin was similar to that from tolbutamide, but the latter 
s longer acting: in the insulin-treated animals the hypoglycemia was 
sent after 3 hours, while tolbutamide was effective for from 5 to 8 hours. 
nder these experimental conditions, the hypoglycemic response from tol- 
amide appeared to be about equal in fasted and in well-fed animals. 

For the excretion studies, 6 well-fed male albino rats (about 200 gm. each) 
e given S*°-tolbutamide (270 mg./kg. orally) and were placed in indi- 
jual metabolism cages. The voided urine was collected under toluene. 
neasure of the total S* activity excreted was obtained by counting aliquots 
urine dried on planchet cups directly. In order to isolate the possible 
nary excretion products, the pooled urine was concentrated to dryness in 
‘uo and the residue extracted with 1:1 methanol-ethylene dichloride (25 
. of solvent per 10 ml. of original urine) for 20 minutes. The resulting 
<ture was centrifuged and the clear solvent layer (containing the S®* - 
tivity) recovered. The extract was concentrated im vacuo and chroma- 
graphed by downward displacement on 613 Eaton-Dikeman paper for 
hours in a solvent system containing 81 per cent of x-butanol and 19 per 
nt water (by weight), to which was added 2 per cent of piperidine. This 
lvent system was shown capable of separating tolbutamide from the major 
man excretion product (1-butyl-3-p-carboxyphenylsulfonylurea) described 
-Fajans ef al.!7 The S*° peaks were localized on the dried paper by the 
e of a Forro scanner} connected to a Wheelco capacilog recorder. 

The statistical significance calculated in all tables is the standard error of 
e mean calculated from the range. 


Results and Discussion 


Absorption. It was of interest that S* activity was absorbed from the 
ymach rather rapidly; the blood plasma radioactivity was already equiva- 


# Y-A0 Iletin insulin, Eli Lilly and Company, Indianapolis, Ind. 
f Volk Radio Chemical Co., Chicago, Ill. 
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lent to about 60y of tolbutamide/ml. at one-half hour after administrat ic 
with the peak plasma concentration of S** activity observed after 3 hot 
(raBLE 1). Although these plasma figures represented only a small portio 
of the total dose at any single period, by the third hour the blood sugar con 
centrations of these rats were lowered at least 30 per cent compared to thos} 
of controls injected with saline. After 7 hours as much as 80 per cent of th 
original dose had been absorbed, since only 20 per cent was recovered fro’ 
the stomach contents. For rats receiving the drug via the duodenal seg 
ment, the plasma concentrations of S*° were twice as high, and after 7 hom 
these animals had absorbed nearly all of the dose (TABLE 1). 

Mechanism studies. There was a significant increase in the rates of oxic 
tion of glucose by all healthy (nondiabetic) rats given either tolbutamide o 
insulin (TABLE 2, groups 1 to 6). For the fasted rats the increased rales 
observed with tolbutamide and insulin approached their maximum value 
(78 and 178 per cent increase respectively) at about one-half hour after th 
drugs were given. Increased rates were present up to the second hour. I 
well-fed rats the increases (32 and 70 per cent, respectively) were smaller ana 
somewhat different in their time relationships: for example, the increaseé 
oxidation rate induced by injected insulin was no longer present at one ho 
while the response from tolbutamide was more prolonged. 

Alloxan diabetic rats responded well to injected insulin, showing an increa 
glucose oxidation rate of 126 per cent by the second hour. On the othe: 
hand, tolbutamide did not stimulate oxidation either when given alone o| 
together with insulin (TABLE 2, groups 7 to 10). Therefore, under thes 
experimental conditions, tolbutamide did not appear to be able to enhanc 
the response of insulin by retarding its destruction. From these respiratory 


TABLE 1 
ABSORPTION OF S*-TOLBUTAMIDE By RATs 
(270 mg./kg.) 


Gastric Duodenal 
Time Plasma S* activit Pl $35 ivi 
eTeS y asma 5* activity 
dose = Absorp- Absor} 
Fraction of | Equiv. tolbut- a Fraction of | Equiv. tolbut- = 
dose amide conc. dose amide conc. 
Hr % y/mil. % % y/ml. 
A 0.8 + 0.07 1622S: Lde70820 101-4 15 
1 1.0 + 0.05 Hi [eels elas eral 164 + 21 
3 i OE 10 100 + 7 2.6 + 0.20 202 + 20 
5 0.9 +.0.05 70 +4 2.1+0.10 164 + 14 
7 0.8 + 0.06 6256.5 81+2 | 1.5 +0.08 93 + 11 
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Tue EFrFrects OF TOLBUTAMIDE AND INSULIN ON THE CUMULATIVE EXHALATION 
or CO, as Per CENT OF THE INJECTED DOSE OF C,y!!-GLuUCOSE* 


Per cent injected C™ activity oxidized to C! Oy after 


Group 2S ae 
Vy hr. 1 hr. Qh | Shr. -- Shr. 
Healthy 
. Fasting controls (8)f...... e352 0eM S43) ce 48. 7 2S) 4125.0 23.7131. 8) S23 
2. Fasting tolbutamide (8)...|4.1 40.4) 8.9 +1.5]17.3 +3.1]22.5 +5.0/27.3 44.9 
( Fasting insulin (10).......|6.4 +0.6/13.0 +1.2/21.2 +2.9/26.0 +2.5/33.6 45.0 
Healthy 
4. Well-fed controls (6)......|5.4 £1.5/14.7 +1:0/24.2 +2.9/34.1 +2.0/42.0 Sil 
_ Well-fed tolbutamide (4). ./6.6 +2.7|19.8 +3.6/32.3 +0.8/39.8 +2.6/43.2 44.8 
. Welltfed insulin (5)....... 9.2 +0.3113-7 +2.7/22.1 £3.4/28.4 +3.4/36.4 +5.7 
_ Alloxan Diabetic 
. Fasting controls (4)....... 0.9 +0.2) 2.6 +0.6) 6.9 +1.5/10.8 +2.3/15.4 43.2 
. Fasting tolbutamide (4).../1.2 +0.3) 2.6 40.6) 6.6 +1,4111.9 +2.5]19.6 +4.1 
| Fasting insulin (4)........|1.6 +0.3) 5.2 £1.1)15.6 +3.3|22.7 +4.8/29.4 ated 
10. Fasting tolbutamide + in- 
SAAN (CL) eect icv 166) ORS eS 22) ed A Se 37126. 7 5n5/33.4 7,0 


* Reproduced from Miller e¢ al.” (by courtesy of the Journal of Pharmacology and Experi- 
ental Therapeutics). 

_ + Numbers of rats used to obtain group mean. 

t The 24-hr. fasting blood sugars for the 4 alloxan diabetic rats were 385, 420, 395, and 
60 mg. per cent. These rats were diabetic for about 8 months prior to use. The same 
alloxanized animals were used in each experiment. 


ata, it is concluded that the increased capacity of healthy rats to oxidize 
lucose was a result of a stimulation of the insulin secretion mechanisms by 
olbutamide. 

If tolbutamide can stimulate the release of insulin from the pancreas, then 
under appropriate experimental conditions this drug should encourage the 
synthesis of muscle glycogen; indeed, this was the case. The requirements 
for demonstrating the incorporation of Cs'*-glucose into muscle glycogen 
were found to be those of fasting the animal and providing sufficient C5'*-glu- 
cose. For example, after 5 hours both tolbutamide and the injected insulin 
failed to incorporate glucose into muscle glycogen in well-fed rats given only 
0.8 mg. of Cs!4-glucose (TABLE 3, groups 4 to 6). In fasted animals given the 
small dose of radioglucose only the parenteral insulin was effective, but when 
the C,)4-glucose was increased to 1.93 mg. per fasted rat, both tolbutamide 
and injected insulin produced increased specific activity in the muscle gly- 
cogen (TABLE 3, groups 7 to 9). 

- Although the hypoglycemic action of tolbutamide is probably due pri- 
marily to its “‘insulin-secretory”’ action, the drug, as mentioned earlier, can 
apparently add to the hypoglycemic response by decreasing the rate of 
glycogen breakdown in the liver. It is important to point out that in our 
experiments only fasted rats given tolbutamide showed increased liver gly- 
f 
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cogen content and increased specific activity from C' incorporation (TABLE 3: 
groups 1 to 3, 7 to 12). Hence, in the intact well-fed rat tolbutamide car 


produce hypoglycemia and concomitant increased oxidation of glucose with 


out apparently altering liver glycogen. 
Urinary excretion of tolbutamide. Approximately 72 hours elapsed befor 


tolbutamide, O; neither was it identical with the human transformatio 


product mentioned earlier, which has the same Ry as product C. Product Bi 


was different from all the compounds mentioned and was present to about 
same extent as product C. The concentrations of B and C were only abot 
one tenth that of product A. Chemical characterization of these excretio 
products is now in progress. Preliminary evidence from ultraviolet ar 
infrared analysis indicates that product A is probably a conjugate of tol- 
butamide with some organic base. 


TABLE 3 
Tuer Errects or TOLBUTAMIDE AND INSULIN ON LIVER AND MuscLE GLYCOGEN 
CONTENT OF HEALTHY Rats GIVEN TRACER DOSES OF Ce.!4-GLUCOSE OR 
2-C14-GLYCINE WITH CORRESPONDING SPECIFIC ACTIVITY MEASUREMENTS* 


Liver glycogen Muscle glycogen 
Approx. Approx 
per cent per cent 

Specific of Ci Specific of Cit 

Groupt Content activity dose Content | activity dose 

incorpo- incorpo: 

rated rated 
mg. % | c.p.m./mg. % mg. % | c.p.m./mg. % 

: 4.14 X 108 c.p.m. Co'4-glucose (0.8 mg.) per rat ~ 
1. Fasting controls (8)....... 240 + 43/1348 + 44 <1 322 + 28 0 | 0 
2. Fasting tolbutamide (8).../1100 +198] 3300 +200 4 294 + 22 trace 0 
3. Fasting insulin (10)....... 235 + 86/1465 + 61 <1 284 + 65/1699 +400 9 
4. Well-fed controls (6)...... 2880 +290 0 0 Sor Ee 0 0 
5. Well-fed tolbutamide (4)..|3103 +298 0 0 398 + 89 0 0 
6. Well-fed insulin (5)....... 2430 +164 0 0 461 + 30 0 0 
, 9.95 X 108 c.p.m. Coel4-glucose (1.93 mg.) per rat 
Be Fasting controls (6) Nien 284 + 46) 2200 + 35 <1 327 + 10 0 0 
8. Fasting tolbutamide (6)...] 912 + 18]5300 +175 3 300 + 15/1850 +300 4 
9. Fasting insulin (6)........ 330 + 34) 2010 + 43 <1 340 + 25/2500 + 75 8 
> 6.10 X 108 c.p.m. 2-C!4-glycine (0.18 mg.) per rat 
10. Fasting ONETOIS (2 )ic wrest 92 + 8 0 0 385 +125 0 2) 0 
11. Fasting tolbutamide (2)...] 960 +250} 1300 +150 1 323 +210 0 0 
12. Fasting insulin (2)........ 164 + 60 0 0 320 +170 0 0 


were not made on these rats. 
however. 
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RAT URINARY EXCRETION OF S55 
(SOLUBLE IN I:1 CH30H,CoH4Clo) 


RADIOACTIVE 


BACKGROUND £% 


EXTRACT ABOVE 
PLUS 


KNOWN S35 ORINASE f 


Se wT eee Vienne a 


SOLVENT MOVEMENT—Y C B A ie) 


Ficure 1. Paper chromatographic separation of radioactive urinary excretion products 
om rats given $%-tolbutamide orally, as recorded by a paper strip monitor. Known 
$35_tolbutamide was added directly to an aliquot of the same urine containing the excretion 
products and extracted in their presence. (A) Ry 0.79, primary rat excretion product; 
B) R; 0.64, an additional excretion product; (C) Ry 0.46, another excretion product, per- 
naps identical with the primary human excretion product (1-butyl-3-p-carboxyphenyl- 
ulfonylurea) ; (O) Ry 0.87, tolbutamide (1-butyl-3-p-tolylsulfonylurea). 


Summary 


(1) Both tolbutamide (Orinase) and injected insulin increased the rate of 

oxidation of C,)4-glucose by nondiabetic rats. These agents also increased 
he specific activity of gastrocnemius muscle glycogen isolated from 24-hour- 
asted nondiabetic rats given a “high-activity” tracer dose of glucose. 
(2) Parenteral insulin stimulated the oxidation of glucose by severe 
Hexen diabetic rats, while tolbutamide was without effect either alone or in 
the presence of injected insulin. 
(3) Since in the intact well-fed rat tolbutamide produced hypoglycemia 
and increased glucose oxidation, but had no apparent effect on liver glycogen, 
it is believed that the increased liver glycogen observed in fasting rats is 
incidental to the ‘‘insulinlike” ability of tolbutamide to stimulate glucose 
utilization. 

(4) It is concluded that tolbutamide produces hypoglycemia mainly by 
its influence on pancreatic tissue capable of insulin synthesis to yield more 
insulin. 

_ (5) Tolbutamide was absorbed from the stomach as well as the duodenum, 


and is excreted in the urine as a conjugate different from the major human 


excretion product. 
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PERFUSION STUDIES WITH SULFONYLUREAS IN DOGS* 


By Arthur R. Colwell, Jr., John A. Colwell, and Arthur R. Colwell, Sr. 
Department of Medicine, Northwestern University Medical School, Chicago, Ill. 


These studies were undertaken to determine the site of hypoglycemic 
tion of the available sulfonylureas. In a preliminary report of acute per- 
sion experiments! we suggested a pancreatic site of action. 

Our results now come from thirty-four experiments in which the compounds 
1d control solutions have been injected at various locations and changes in 
lood glucose observed. The experiments have been grouped and the 
ata averaged, permitting an improved measure of differences of effect 
y various injection routes. Statistical validation still is not possible, how- 
er, because of the small size of each group. 


Methods 


Small amounts of sodium tolbutamide (Orinase Sodiumf) or carbutamidet 
ere perfused through the pancreas or liver or infused into a peripheral vein 
f normal dogs under Nembutal anesthesia. Injections were given with a 
onstant infusion pump through small polyethylene catheters tied into the 
essels used. As shown in FIGURE 1, pancreatic perfusions were made 
hrough the stump of the right gastroepiploic branch of the gastroduodenal 
rtery, thus permitting perfusion of the test solutions without interrupting 
he blood flow to the pancreas. When comparable injections were given into 
peripheral vein, anesthesia and laparotomy with exposure of the pancreatico- 
tuodenal artery were done as usual in order to reproduce all conditions of the 
yancreatic experiments except the arterial infusion itself. 

Perfusions of the liver were made through the left hepatic artery in some 
xperiments and through a branch of the portal vein in others. Cannula- 
ion of the hepatic artery interrupted the blood flow in one of the two branches 
FIGURE 1), but the rest of the blood supply to the liver remained intact. A 
‘ontrol solution lacking sulfonamide (blank) was perfused through the pan- 
reas and liver. 

Screening experiments were done, using longer injection periods and larger 
and smaller sulfonamide dosages than those reported here. In all of the 
present experiments, however, injection periods were 20 min. and sulfonamide 
dosages, 7 mg. per kg. of body weight, or a total dose of about 80 to 160 mg. 
per dog. Injection rates were about 0.5 ml. per min., and the pH of all solu- 
tions was 7.2. 

Blood glucose was determined by the Somogyi-Nelson method 2 or 3 times 
before injection and at intervals of 10 to 30 min. for 4 hr. after injection. 

'* The investigation on which this paper is based was supported by grants and materials 
from The Upjohn Company, Kalamazoo, Mich., and from Eli Lilly and Company, Indian- 


apolis, Ind. 
+ Sodium salt of Orinase, The Upjohn Company’s preparation of 1-butyl-3-p-tolylsulfo- 
nylurea or tolbutamide. 
oe £ 1-Butyl-3-sulfanilylurea or BZ-55, supplied by Eli Lilly and Company. 
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Figure 1. Site of injection into the gastroepiploic branch of the gastroduodenal arte 
Pancreatic blood flow is not interrupted. The left hepatic artery is shown without cann 
insertion. It was the site of some of the hepatic perfusions. 


Individual values were calculated in percentage over or under the preopera- 
tive value in all experiments, and the data for all dogs in each experimen 

group were averaged at each of the various time intervals. Composi 
curves were then constructed for each substance injected and each route 
injection. As in all experiments of this type, different animals showed a 
range of blood glucose values, but averaging of results yielded, as a rul 

smooth composite curves. 


Results 


In FIGURE 2 the average results of pancreatic perfusion of tolbutamide 
6 dogs are compared with those of carbutamide in 4 others. Blood gluco 
values were comparable in both sets of experiments until an hour or two aft 
the start of injection, when mild hypoglycemia began; this was more pr 
nounced after tolbutamide than after carbutamide. Peripheral blood sulfo 
amide concentrations with carbutamide were 2.5 to 3.0 mg. per 100 ml., abo 
one fifth of those seen after oral administration of therapeutic amounts 
normal subjects. We were unable to measure blood tolbutamide satisfa 
torily and can only assume that it was comparable to blood carbutami 
since dosages and infusion rates were identical. 

Whether the difference in response to the: two compounds was due to inj 
tion of tolbutamide as its sodium salt or whether there was greater sensitivit) 
to tolbutamide than to carbutamide is not clear. 


Average values for two control experiments in which a blank solution w 


; 
| 
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Ficure 2. Mean curves of blood glucose after intrapancreatic perfusion of sodium 
Ibutamide (6 dogs) and carbutamide (4 dogs). - Drug dosages and injection rates were 
e same. 
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_Ficure 3. Mean curves of blood glucose after perfusion of blank solution through 
ancreas (2 dogs) compared with tolbutamide and carbutamide results shown in FIGURE 2. 


yerfused through the pancreas are shown in FIGURE 3, in comparison with the 
lata on tolbutamide and carbutamide. The solution was identical in com- 
sition and amount with that used before, except that the sulfonamide was 
mitted. The blood glucose fell approximately to its preoperative level 4 
ours after the start of injection, but no hypoglycemia was seen. This makes 
he hypoglycemia after drug administration appear more significant. 
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Ficure 4. Meancurves of blood glucose after intrapancreatic (6 dogs) and femoral vein i 
(6 dogs) injection of sodium tolbutamide. Drug dosages and injection rates were the “a j 

In FIGURE 4 are compared the results of pancreatic perfusion of tolbut 
amide in 6 dogs with those of femoral vein infusion of the same substance in | 
6 others. These experiments were intended to answer the important ques-| 
tion whether hypoglycemia was greater after direct pancreatic injection than | 
after injection peripherally. The blood glucose rose 10 to 15 per cent du 
ing anesthesia and laparotomy, and started falling at the end of the inje 
tion period.. The lowest values were reached 214 to 3 hr. later. Compar 
with preoperative blood glucose, the intrapancreatic route of administrati 
led to about twice as much hypoglycemia as did the femoral vein rout 
Even though early blood glucose values were a little higher in the peripher. 
vein experiments, the difference at 2 to 4 hr. appears significant. 

Since pancreatic venous blood next traverses the liver, it was conceivable 
that the greater hypoglycemia after intrapancreatic administration of tol 
butamide was due to hepatic rather than pancreatic action. Hepatic artery 
and portal vein perfusions were conducted, therefore, under conditions iden 
tical with those of the pancreatic and peripheral injections. FicurEe 5 show 
the effects of hepatic artery perfusion of tolbutamide in 3 dogs. A sma 
operative increase followed by a modest reduction in blood glucose was see 
roughly comparable with the results of peripheral vein infusion. The aver 
age response to a blank control solution in 2 dogs is shown by the broke 
line. In contrast to all other control experiments with blank solutions, there 
was a small and transient fall in blood glucose not very different from tha 
after tolbutamide. 

In FIGURE 6 is shown the average response to injection of carbutamide int 
the portal vein in 3 dogs, in comparison with 1 control experiment with the 
blank solution alone. The elevation of blood glucose during anesthesia an 
surgery was of much greater magnitude than in any other experiment 
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FicurE 5. Mean curves of blood glucose after left hepatic artery perfusion of a sodium 
butamide solution (3 dogs) and of a blank control solution (2 dogs). 
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Ficure 6. Mean curve of blood glucose after perfusion of carbutamide through liver 
a the portal vein (3 dogs) compared with blank solution (1 dog). 
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About 3 hr. after injection it fell as before, but only to the preoperatii 
level. One experiment with the blank solution led to even greater hy ” 
glycemia than the average from carbutamide. en 

No portal vein experiments were done with tolbutamide. While it is co 
ceivable that its effect might vary from that of carbutamide, we believe th 
the drugs are similar enough in all other respects to make this possibilit 
remote. 


Discussion 


Lacking data susceptible to statistical analysis, we are reluctant to dra 
firm conclusions from these experiments. We may not find it feasible t 
extend our study to include more than the 3 to 6 dogs per group. In tha 
event, interpretations must remain presumptive rather than conclusive. — 

For the present, however, we continue to believe in a pancreatic ratha 
than a hepatic mechanism. It is difficult for us to conceive of any hepat 
mechanism for sulfonylurea hypoglycemia when direct exposure of the liy 
to the drug via the portal vein leads only to hyperglycemia within the 4 how 
of study. Furthermore, hepatic artery perfusion of tolbutamide leads onl. 
to about the same fall in blood glucose as an inért solution given by the samé 
route or the same drug injected into a peripheral vein. Within the limits 
our experimental conditions, the conclusion that the liver plays no primar} 
role seems fully justified. 2 | 

Our evidence in favor of a pancreatic action is less convincing. Eve: 
though blood glucose levels were lower after perfusion of the drug throug] 
the pancreas, the same dosages given peripherally and into the hepatic arter: 
did cause some hypoglycemia. Only by demonstrating hypoglycemia wit 
pancreatic dosages too small to be effective when given by other routes 
positive proof be claimed for pancreatic action by this method of study. 
have done a few experiments using 1 and 3 instead of 7 mg. per kg. int 
pancreatically for 20 minutes, with equivocal results. 


Summary 


(1) Thirty-four normal anesthetized dogs were perfused with dilute so 
tions of carbutamide and tolbutamide into the pancreaticoduodenal a 
hepatic arteries and into the portal and femoral veins. Dosages ‘and inj 
tion rates were uniform. Blood glucose values were observed for 4 ho 
after the start of injection. 

(2) Hypoglycemia was greatest after tolbutamide intrapancreaticall: 
Smaller decreases in blood glucose followed introduction of tolbutamide in 
a hepatic artery and a femoral vein. Carbutamide intrapancreatically le 
to less hypoglycemia than tolbutamide, and the same compound given in 
the portal vein caused no hypoglycemia. 

(3) These results argue strongly against a hepatic mechanism and suppol 
the concept of a pancreatic site of action for sulfonamide hypoglycemia. | 


1. CoLtwe tt, A. R., Jr., J. A. Conwert & A. R. CoLwELt, Sr. 1956. Intrapancreat 


Reference . 
perfusion of the antidiabetic sulfonylureas. Metabolism. 5: 749. | 


STUDIES ON THE DISPOSITION OF ISOTOPIC GLUCOSE 
IN VIVO AND IN VITRO UNDER THE INFLUENCE 
OF SULFONYLUREAS* 


By James Ashmore, George F. Cahill, Jr.t, and A. Scott Earlet 
lepariments of Biological Chemistry and Surgery, Harvard Medical School, Bosion, Mass. 


Insulin and sulfonylureas have the common property of being able to - 
duce the concentration of blood glucose in normal animals. Whether or 

t this fall in blood glucose is elicited by the same mechanism is the current 
bject of discussion. As an approach to this problem, we have compared 

e effects of insulin and tolbutamide§ on various aspects of glucose disposi- 
on in unanesthetized dogs and rats and in isolated tissue preparations. 


: Hepatic Glucose-6-Phos phatase — 


Recent studies from several laboratories have indicated that changes in 
patic glucose-6-phosphatase activity are associated with certain abnor- 
alities in carbohydrate metabolism.!?*»4 Furthermore, it has been 
smonstrated that the administration of hormones to animals will alter the 
ctivity of this enzyme.* ® Since glucose-6-phosphatase is the immediate 
zyme involved in hepatic glucose production, the effect of insulin and 
Ibutamide on the activity of this enzyme has been compared. The admin- 
tration of insulin and tolbutamide to normal rats over a period of 48 hr. 
sults in a decrease in liver glucose-6-phosphatase activity to 60 to 70 per 
nt of normal.? Similar results have also been obtained by Hawkins and 
aist® and by Tyberghein et al.° However, it was observed that within 3 hr. 
ither insulin nor tolbutamide diminished glucose-6-phosphatase activity, 
though the blood sugar was markedly decreased. 
When added to liver preparations im vitro, tolbutamide has been shown to 
crease glucose production, decrease the rate of glycogenolysis, and inhibit’ 
ucose-6-phosphatase.” * 1° 1! However, the concentration of tolbutamide 
uired to produce these effects im vitro is in excess of the concentration 
squired to produce ix vivo effects. 
: Effect of Insulin and Tolbutamide on I solated Rat Diaphragm 
‘Insulin readily accelerated glucose utilization by isolated rat diaphragm 
hen administered in vitro. Addition of tolbutamide to isolated diaphragm 
id not elicit such a response. However, we were interested in ascertaining 
hether the presence of tolbutamide in the system could augment the effect 


* The work on which this paper is based was supported in part by the United States 
tomic Energy Commission, Washington, D. C., and by Swift and Company, Chicago, 


ll. 
+ Post-Doctoral Fellow in Medical Sciences of the National Research Council (Rocke- 


ler Foundation for Medical Research). 

‘{ Harvey Cushing Surgical Fellow, Harvard Medical School, Boston, Mass. : 

8 1-Butyl-3-f-tolylsulfonylurea (Orinase, The Upjohn Company, Kalamazoo, Mich.) 
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TABLE 1 
Rat HEMMmIAPHRAGMS INCUBATED 90 MIN. IN RINGER-BICARBONATE MEDIUM 
10 MicROMOLES/ML. OF GLUCOSE. VALUES EXPRESSED AS MICROMOLES OF GLUCOSE 
DISAPPEARING FROM THE MEpIuM PER 100 Mc. DiapHRAGM Dry WEIGHT 


ad 


} 

: 

4a 
Ww 


{ 


Insulin cope Insulin ae Per cent change 
(milliunits/ml.) | “*"™"S | added | OP" | — with S. D. 
' 
25 4 28.0 15.9 +52 (+19) i 
2.5 4 28.5 19.6 +51 (+35) 
0.25 5 15.0 14.1 +4 (+18) 


i 


of a subthreshold level of insulin on the isolated tissue.!? Glucose utilizatio: 
by rat diaphragm muscle was measured in a series of experiments with var 
ing concentrations of insulin. The results of such experiments are given 11 
TABLE 1. When tolbutamide was added to preparations containing insulim 
no augmentation of the insulin effect was observed (TABLE 2). 1 


5 INSULIN 5units IV | 
= | 
= | 
= : | 

Hepatic | 
; @Portal | 
35}&  TOLBUTAMIDE 500 mg. IV . 
© 

4 

m 

2 


a a 
0) 15 50 45 60 
Minutes 


Ficure 1. Changes in hepatic and portal glucose (Dog 3) are plotted as a function 


time following injection of 5 units of glucagon-free insulin (top curves) and 500 mg. sodiu 
parncuera (lower curves). Dog 3 represents a typical experiment in a series of 4 anima 
studied. ) 
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TABLE 2 
AT HEMIDIAPHRAGMS INCUBATED IN THE PRESENCE OF INSULIN AND ONE wiTH 50 Mc. 
PER CENT SULFONYLUREA. VALUES EXPRESSED AS pMOLES GLUCOSE DISAPPEARING 
FROM THE Mepium per 100 Mc. DrapHracM Dry WEIGHT 


= 


Insulin Raiels Insulin plus | Insulin | Per cent change 
(milliunits/ml.) | ‘‘™2™#!s sulfonylurea | alone with S. D.: 
25 3 2255) DDD nile 10) 
ese 6 Pile 22ei Oat) 
1.0 3 17.6 18.0 =e Cr 15) 
0.25 6 19.2 Lion | +8 (+26) 


Portal-Hepatic Sugars in Unanesthetized Dogs 


The effects of insulin and tolbutamide have been compared in intact 
anesthetized dogs (20 to 21 kg.) in which polyethylene catheters had been 
aced in the portal vein, hepatic vein, and splenic artery. Experiments 
re begun on the third to fourth day following operation and were done in 
e following order: on the first experimental day, a glucose load was given 
rtally and the hepatic, portal, and arterial samples withdrawn simultane- 
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Ficure 2. Hepatic-portal plasma differences in glucose (°), potassium (®), and phos- 
ate (x) are plotted following injection of 5 units of insulin (top curves) and 500 mg. 
dium tolbutamide (lower curves). These data were obtained on Dog 3 and represent a 
pical experiment in a series of 4 animals studied. 
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ously at 5, 15, 30, 45, and 60 min. The cells were immediately separat 
and the plasma analyzed for glucose, K, and POy. The glucose tolerana 
was found to be normal in all cases. On the second day, glucagon wi 
injected via the portal catheter, and the study was repeated. These tes 
were performed to ascertain that the catheters were in place and operat 
satisfactorily. On the third day, 7 units of glucagon-free insulin (Lilly) we 
given intravenously and the experiment was repeated. On the fourth day 
500 mg. of Orinase Sodium (Upjohn) was injected and the experiment agai 
repeated. ; 
The effects of insulin and tolbutamide are compared in FIGURE 1. Dog ; 
represents a typical experiment in a series of 4 animals studied. Both sub 
stances caused a rapid fall in portal and hepatic glucose, and comparabl 
degrees of hypoglycemia were obtained in all experiments. It is observer 
that in the case of hypoglycemia produced by insulin the hepatic glucos 
levels were always appreciably higher than portal values, but following to. 
butamide there was a corresponding fall in both portal and hepatic glucose 
Portal-hepatic differences have been plotted in FIGURE 2 as a function 1 
time following insulin (top curves) and tolbutamide (lower curves). Afte: 
insulin the liver appears to release glucose into the hepatic blood; K is take: 
up initially and then released as hypoglycemia persists; inorganic phosphat; 
is initially taken up by the liver, then released. With tolbutamide, no sig 
nificant portal-hepatic differences in glucose, K, or phosphate were observed 
In FIGURE 3, portal glucose concentration has been plotted as a function o 
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Ficure 3. Hepatic plasma glucose in mmoles/]. has been plotted against portal plas 
glucose. These points were obtained by withdrawal of simultaneous portal and hep 
blood samples in a series of 4 dogs with portal and hepatic vein cathethers. Sam: 
obtained after insulin injection (©); after tolbutamide (®). 
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hepatic glucose concentration. These points represent all analyses done 
series of 4 dogs. The line at 45 degrees indicates equal glucose concen- 
ion in portal and hepatic plasma. All points above this line represent 
centration of hepatic glucose greater than portal glucose; all points below 
line represent higher portal than hepatic glucose. Insulin hypoglycemia 
en circles) appears to result in release of hepatic glucose. However, 
re was no evidence of hepatic glucose production after tolbutamide 
sed circles). Similar results on the effect of tolbutamide on portal and 
tic glucose have been reported previously by Purnell e¢ al.'* 


Disposition of Blood Glucose in Rats 


‘o extend these studies we have followed in rats the fall in specific activity 
slood glucose tagged by the intravenous injection of 1 mg. (1.8 yc.) glu- 
e-C'4. When log specific activity of blood glucose was plotted as a func- 
of time in fed normal rats (FIGURE 4) injected with saline and glucose, a 
ical linear decay curve was obtained. When insulin (Lilly glucagon-free, 
5 units) and glucose were injected, a more rapid rate of decay was observed. 
e fall in specific activity of blood glucose from the liver probably results 
m a dilution with unlabeled glucose. When sodium tolbutamide (Upjohn, 
mg.) was injected, the fall in specific activity of blood glucose was identi- 
with that of the saline-injected controls. The same degree of hypo- 
cemia was produced by insulin and tolbutamide. 


@. Jolbutamide 
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Ficure 4. Log specific activity of blood glucose has been plotted as a fection of time 
variously treated fed normal rats after injection of 1 mg. (1.8 HC.) glucose-C : Each 
rve represents the mean of 3 experiments. Total spread of points is indicated (1). Indi- 
dual points following tolbutamide injection (®) have been plotted. 
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20 mg. of tolbutamide (®), and 0.25 units of insulin (x) to fasted rats are shown. Cor d\ 
tions are identical with those given in FIGURE 4. 


Cori and Cori'! have demonstrated that with insulin hypoglycemi a 
epinephrine is released from the adrenal and liver glycogen is broken dowt | 
We had reasoned that, if this were the case, dilution of blood glucose coult 
be minimized by using fasting rats. The experiments were therefore repeate 
in animals that had been fasted for 24 hours prior to the injection. 1 
results of such an experiment are given in FIGURE 5. Once again, insulil 
caused a greater dilution than that obtained with tolbutamide or saline. A 
in the previous experiments, the same degree of hypoglycemia was produce 
by both insulin and tolbutamide. 


Effect of Insulin and Tolbutamide on Liver and Muscle Glycogen 


Male rats, 220 to 250 gm., were fasted for 24 hr. and injected intravenously 
with 1 mg. (1.8 uc.) glucose-C™, together with either saline, insulin (0.2: 
units), or tolbutamide (20 mg.). At the end of 1 hr. the animals wer 


hydrolyzed to glucose,!* which was determined colorimetrically" and assayec 
for C™ as the phenyl glucosazone.’” The results of these experiments ar 
given in TABLE 3. The animals injected with insulin had deposited ve 
little of the C' from the injected glucose as liver glycogen. The anima 

injected with tolbutamide, however, deposited as much C!4 as, if not si 

nificantly more than, the saline-injected controls. In the case of mu le 
insulin resulted in appreciably more deposition of C! into glycogen than dic 
tolbutamide. Again, both insulin and tolbutamide had produced the same 
degree of hypoglycemia. 


Although the same degree of hypoglycemia was produced in 60 minute 
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TABLE 3 
CTION OF INSULIN AND TOLBUTAMIDE ON THE INCORPORATION OF C!4-GLUCOSE INTO LIVER 
AND MuscLe GLycoGEN IN FastEp NorMAL Rats 


— 


Liver glycogen Muscle glycogen 
Injection 
pM /gm. | c.p.m./gm. | uM/gm. | c.p.m./gm. 

WILE Gmee se eyes OS 13 1450 34 19 
3 585 18 19 

PIS UR CL a es acts me tye! 3 9 44 320 
9 25 11 242 

Wolbutamide4y.1.3...,- 15 2100 | 12 oP 

z 6 2200.) 16 43 


I5 30 45 60 
MINUTES 


Ficure 6. Changes in concentration of blood glucose (top curves) and specific activity 
of blood glucose (lower curves) after tolbutamide (intravenous) and insulin (subcutaneous) 
administration to fed normal rats. Each curve represents the mean of results from 3 
animals, and the total spread of points is indicated. 
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TABLE 4 : 
AcTION OF INSULIN AND TOLBUTAMIDE ON THE INCORPORATION OF C14.CLUCOSE INTO LIVER 
AND MuscLe GLYCOGEN IN FED NORMAL RATs 


= 
=— 


Liver glycogen Muscle glycogen 
Injection 
uM/gm. | c.p.m./gm.* | «M/gm. | c.p.m./gm.* 
Saline \(4))vacmeeoeenetee 191 100 + 33 19 29°13 
Dsulin(S)) ieee 88 14 + 6.3 19 262 +99 
Tolbutamide (4)........ 145 143 + 58 18 Ole 18 


FSP Lis 


there was a marked difference in the rate of fall of blood glucose produced by 
insulin and tolbutamide. After intravenous injection of insulin there is, of 
course, an immediate drop in blood glucose, and hypoglycemia continues for 
the balance of the 60-minute period. With tolbutamide, the glucose con- 
centration falls slowly over the experimental period. In order to obviate 


effects that might result from differences in the rate of fall of blood glucose, | 


e-areremeiqpe 


ee anid 


: 


we compared the effects of insulin administered subcutaneously with those of : 


tolbutamide injected intravenously; under these conditions, the same rate of © 
blood glucose change was produced by both compounds (FIGURE 6). Changes — 
in specific activity of blood glucose in these animals are recorded in the lower 
curves of FIGURE 6. As in the previous experiments, a more rapid decay of 
glucose specific activity was observed with insulin than with saline or tol- 
butamide, again indicating a more rapid dilution of the labeled blood glucose 

Liver and muscle samples were removed at the end of the experiment, and 
total glycogen and C content of the glycogen were determined. Insulin 


| 


| 


resulted in little incorporation of the C'* from the injected glucose into liver — 
glycogen, but increased incorporation of it into muscle glycogen (TABLE 4). 


Although blood glucose fell to the same level with tolbutamide as with insu- 
lin, tolbutamide did not significantly increase incorporation of C!4 from blood 
glucose into muscle glycogen. 

In these animals liver and peripheral fat were also assayed for C4 con- 
tent. Mean values, expressed as counts per min. per gm. of fatty acid, are 


TABLE 5 
AcTION OF INSULIN AND TOLBUTAMIDE ON THE INCORPORATION OF C!4-GLUCOSE INTO 
LIVER AND PERIPHERAL Fatry Acws In Fep Norma Rats 
All values expressed a as C.p.m. / a./gm. fatty acid 


Saline.(4) page eee 
AGSU Seas oY ceo s 
Tolbutamide (4) 


rd 
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Ace 


fiven in TABLE 5. Both insulin and tolbutamide increased the activity of 
iver fatty acids, but only insulin increased the activity of peripheral fatty 
cids. 


Summary 


Studies im vitro on the action of tolbutamide indicate that this compound 
neither stimulates glucose utilization by muscle nor augments the effect of 
insulin on muscle. However, effects that have been obtained in vitro would 
indicate that tolbutamide can decrease hepatic glucose production. 

In experiments with intact dogs and rats it appears that, following insu- 
lin-induced hypoglycemia, hepatic glucose production is increased. When 
hypoglycemia is produced by tolbutamide injection, this does not appear to 
occur. Since the phenomenon of glycogenolysis following insulin hypogly- 
‘cemia is believed to be mediated by the adrenal medulla, the possibility 
exists that tolbutamide in some way prevents normal hepatic response to 
epinephrine. Such a conclusion is further strengthened by observations that 
tolbutamide will reduce the rate of glycogenolysis in liver slices stimulated by 
epinephrine.!® 1! 

Insulin and tolbutamide also differ in their ability to stimulate peripheral 
glycogen deposition and lipogenesis. When quantities of insulin and tolbut- 
amide that produce identical blood glucose changes were compared, insulin 
markedly stimulated incorporation of C4 from labeled glucose into muscle 
glycogen and peripheral fatty acids. Tolbutamide did not cause a signifi- 
cant increase in the C“ content of either glycogen or fatty acids. 

At the present time we conclude that, although both insulin and tolbut- 
amide will produce comparable degrees of hypoglycemia, there is a marked 
difference in the disposition of blood glucose following their administration. 
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_ FUNCTIONAL AND HISTOLOGICAL STUDIES CONCERNING 
THE ACTION OF SULFONYLUREAS* 


By Bruno W. Volk, Martin G. Goldner, Shirley Weisenfeld, and 
Sydney S. Lazarus 
Isaac Albert Research Institute of the Jewish Chronic Disease Hospital, Brooklyn, N.Y. 


Although it is established that certain sulfonylureas lower the blood sugar 
level, their mode of action has not yet been clarified. Several hypotheses 
have been advanced to explain the hypoglycemic effect. Originally Janbon 
and his co-workers! and Loubatiéres,” * on the basis of evidence from totally 
and partially pancreatectomized animals as compared to normal animals, 
suggested that the hypoglycemic action of sulfonylurea derivatives is based 
on the release of insulin from the pancreatic 6 cells. Other hypotheses 
included: an a-cytotoxic action or interference with glucagon activity;* ° 
enhancement of insulin action by inhibition of insulinase;® 7 interference with 
hepatic glycogenolysis, either at the level of the phosphohexokinase reaction’ 
or at some other step of glycogen breakdown in the liver; and enhancement 
of the action of insulin in increasing peripheral glucose utilization.?° 

The present study concerns the effect of tolbutamide (Orinaset) and/or 
carbutamide (BZ-55t) on glucagon hyperglycemia, on glucagonase and insu- 
linase activity, and on the pancreatic morphology of the rabbit. 


Materials and Methods 


_ The experiments were divided into three groups. 

(1) Effect of tolbutamide on pancreatic morphology. ‘The study was carried 
out on 50 New Zealand white rabbits of both sexes whose weight varied from 
2500 to 3000 gm. ' Of these animals, 6 served as controls; 4 received a single 
dose of tolbutamide (0.5 gm./kg.) and were sacrificed at 4 hr.; 12 animals 
received tolbutamide (0.5 gm./kg.) as a single daily feeding for 2 or 3 days; 
the remaining 18 animals were given 0.5 gm./kg. twice daily and were sac- 
tificed at 1, 3, 4, 5, and 8 days after the start of the experiment, 4 hr. after 
the last dose of the drug. 

_ The animals were maintained on Purina rabbit chow and water ad libitum. 
The tolbutamide was administered by intubation. The control animals were 
sham-fed. In 30 animals fasting specimens of blood were taken for glucose 
determinations in the morning prior to, and at 4 hours after, the administra- 
tion of the drug. The rabbits were sacrificed by air embolization and the 
pancreas placed immediately into Zenker-formol (20 per cent) solution. Sec- 
tions were stained by the Masson trichrome method, the chromalum hemo- 


* The work on which this paper is based was supported by grants-in-aid from The 
Upjohn Company, Kalamazoo, Mich., and from the Eli Lilly Research Laboratories, 
Indianapolis, Ind. , 

+ Kindly supplied by the Research Laboratory of The Upjohn Company, Ref. No. 307- 
REH-40B, 3107-PEM-100A, and 3305-ELP-33B. 
= Kindly supplied by the Eli Lilly Research Laboratory, Ref. No. 1155-P-68057, 1155- 
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toxylin ponceau fuchsin method,!! and the aldehyde fuchsin technique, | 
counterstained with woodstain scarlet.” j 
(2) Effect of sulfonylureas on the response to glucagon. This study was con- 
ducted on both animals and humans. For the animal experiments, 16 New 
Zealand white rabbits weighing 2500 to 3000 gm. each were given a dose of 
5 wg. of glucagon* intravenously after 16 hr. of fasting. The blood sugar 
response to glucagon given alone and administered 4 hr. after the intra- 
venous administration of 0.25 to 0.5 gm./kg. of the sulfa derivatives was 3 
studied. Three fasting specimens of blood were taken for glucose determi- 
nation at 10-min. intervals prior to the experiment. At that time either ° 
glucagon was given intravenously and the blood sugar response was noted, , 
or else the sulfonylurea compounds were administered and glucagon was 5 
given 4 hr. later. In the latter experiment the blood sugar determinations } 
were carried out hourly for 4 hr. after administration of the sulfa compounds } 
and thereafter at 10, 20, 30, 45, 60, 90, and 120 min. after the glucagon injec - 
tion. Whenever possible, these same animals were used for the control | 
experiments and the two tests were performed about 1 week apart. ; 
For the investigations in humans, we studied a group of 10 adults, 5 with- : 
out diabetes and 5 with mild diabetes, who required no insulin. After a_ 
blood sample for the determination of fasting blood sugar had been with- 
drawn, each patient received 0.1 mg. or 0.5 mg. of glucagon intravenously, — 
and the blood sugar was followed for the next 2 hr. Since repeated studies 
were carried out in several of these patients, a total of 15 tests was made. 
After an interval of 1 to 2 weeks these studies were repeated in 8 of these 
patients in exactly the same manner, except that either 2 or 3 gm. of tolbut- 
amide or carbutamide was given orally about 214 hr. prior to the adminis- 
tration of glucagon. The 214-hr. interval was selected because, according to 
previous studies, the blood sugar is significantly lowered at that time. : 
The blood sugar determinations in the human and animal experiments were 
done by the Nelson modification of the Somogyi micromethod.* : 
(3) Effect of sulfonylureas on glucagonase and insulinase activity}. The in 
vivo studies were carried out after an 18-hr. fast on 17 New Zealand white 
rabbits weighing from 2500 to 3000 gm. each. Of these, 6 served as con- 
trols and 11 received the sulfonylureas either orally (0.25 to 0.5 gm./kg.) o 
intravenously (125 to 250 mg./kg.). I'*-labeled insulin or glucagon was 
administered 3 to 4 hr. following oral administration of tolbutamide or car. 
butamide and 1 to 114 hr. following intravenous tolbutamide. The disa 
pearance of the labeled hormone from the blood stream was followed by assa 
of radioactivity in washed trichloroacetic acid precipitates of the plasma. _ 
The effect of sodium tolbutamide on insulinase, glucagonase, and adreno- 
corticotropinase activity was estimated using rat liver homogenates at concen- 
trations of 0.017 mg./ml. and 0.30 mg./ml. Tolbutamide, at concentrations 
of 1 to 100 mg./ml., was added to mixtures containing I!*!-labeled glucagon 
at a concentration of 0.2 ug./ml. Similarly, the effect of tolbutamide at 
concentrations of 0.1 to 2.5 mg./ml., on the rate of degradation of insulin- 


* Kindly supplied by Eli Lilly Research Laboratories, Lot No. 208-105B-197. 
} This work was carried out in association with S. A. Berson and R. S. Yalow.1é 
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8! at concentrations of 0.5 to 100 mg./ml. was estimated. Adrenocorti- 
otropinase activity was also determined at various concentrations of 
tolbutamide. 


Results 


(1) Morphologic studies. As expected, the blood sugar levels declined after 
he administration of the sulfonylureas, and varied from 40 to 62 mg. per 
ent in a 4-hr. period. 

Morphologically, no changes were seen in either the a or D cells or in the 
xocrine portion of the pancreas. The @ cells showed varying degrees of 
egranulation, which was intensified as the duration of therapy was pro- 
longed. No other qualitative or quantitative alterations were found in these 
ells. After 1 day, very questionable reduction in granules was seen in an 
occasional animal. At 3 days, although some animals did not show any 
legranulation, a definite diminution of 6 cell granules was observed in sev- 
ral rabbits. At the fourth and fifth day this was further accentuated and, 
t 8 days, many of the animals showed very extensive or almost complete 
oss of their @ cell granules (FIGURES 1 to 3). However, in no instance was 
| cell degranulation universal and, even at 8 days, an occasional animal 
howed only moderate or even no degranulation. As the @ cells degranu- 
ated, a small rim of granules adjacent to the capillaries remained (FIGURE 2). 
The completely degranulated cell shows a thin aldehyde fuchsin positive cell 
order that allows its identification as a B cell. 


Be cunt 1. Islet of untreated rabbit, showing the normal arrangement of granules 
(black) along the capillary pole of the @ cells. Aldehyde Fuchsin Woodstain Scarlet. 
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Ficure 2. Islet of rabbit treated for 4 days with tolbutamide. There is definite 


degranulation, with residual granules collected at the capillary poles. Completely degranu- 


lated 6 cells show a thin aldehyde fuchsin positive (black) border. Aldehyde Fuchsi 
Woodstain Scarlet. (520) 
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Ficure 3. Islet of rabbit treated for 8 days with tolbutamide, showing complete 


degranulation. The @ cells show a thin aldeh de fuchsin positive (black) bord: - 
hyde Fuchsin Woodstain Scarlet. (520) ancien ak eS 
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2) Effect of sulfonylureas on the response to glucagon. n tolbutamide-pre- 
ted rabbits the maximal rise of the blood sugar after glucagon varied 
+21 to +65 mg. per cent, with a mean of +46.1 (raBLE 1). After car- 
amide administration, the mean maximum blood sugar elevation was 39.3 
_per cent, with the range varying from +8 to +75 mg. per cent (TABLE 2). 
the control rabbits the mean maximum hyperglycemia after glucagon was 
5 mg. per cent; the maximum hyperglycemia was +140 mg. per cent. 
tistical analysis disclosed no significant differences between the values 
ained in the treated and in the control animals. 

The hyperglycemic response to 0.1 mg. of glucagon was similar in the non- 
betic humans and in the well-controlled diabetic individuals (TABLE 3). 
e mean for the entire group was +53 mg. per cent, the range varying from 
19 to +82 mg. per cent. The injection of each of the sulfa compounds 
g hr. prior to the injection of glucagon caused no significant alteration of 
e blood sugar response, which in both groups of patients varied from +11 
+89 mg. per cent, with a mean of +44 mg. per cent (TABLE 4). 

(3) Effect of sulfonylureas on glucagonase and on insulinase activity. ‘The 
appearance of precipitable radioactivity from the plasma of control and 
lfonylurea-treated rabbits given insulin-I"** is demonstrated in FIGURE 4. 
all but 2 of the sulfonylurea-treated animals the curves showed no dis- 
ct difference from those of the control rabbits. In 1 of the 2 exceptional 
ses the rabbit died during the experiment in spite of the administration of 
travenous glucose 5 min. previously. In this case the slow disappearance 
precipitable I’? is conceivably related to a lowered circulation rate due 
‘shock. In the other exceptional case a control rabbit was unfortunately 
idied with a different lot of insulin-I'*. 


TABLE 1 
Maximum Broop SuGAR RESPONSE AND Time or RETURN TO FASTING LEVEL OF 
7 RABBITS AFTER INTRAVENOUS ApMINISTRATION OF 5 wG. GLrucacon 4 Hours 
AFTER INTRAVENOUS INJECTION OF TOLBUTAMIDE 


; F Maximum increase | Time of return to 
fe Rabbit | Dose of tolbutamide in blood sugar preinjection level 
oe No. (gm./kg.) (mg.%) (cant) 
908 0.25 +43 >120 
37 987 On25 +65 72 
959 0.25 +21 30 
1085 0225 +46 >120 
; 1088 0.25 +54 50 
we 1081 0.25 +53 59 
1087 0.25. +41 >120 
Total. nee 323 571 
= Mean... 46.1 81.6 
; Normal control (mean).....-.-- 58.5 85 
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TABLE 2 

Maximum Boop SuGAR RESPONSE AND TIME OF RETURN TO FastTING LEVEL OF 8 RaB 
AFTER INTRAVENOUS ADMINISTRATION OF 5 yG. GLUCAGON 4 HouRS AFTER 

INTRAVENOUS INJECTION OF CARBUTAMIDE 


cs { Maximum increase | Time of return ~ 
Rabbit Dose of Bay eats: in blood sugar preinjertm 
No. (gm./kg.) (mg. %) level (min) 
1005 0.5 +13 ; 
1004 0.5 +42 >120 
1007 0.5 +75 >120 | 
971 0.5 +62 >120 | 
1017 0.5 +46 55 
1013 0.5 +24 53 
1019 0.5 +8 
1008 0.5 
Ota Stan etits ne ene ee Ds 
Meat ease cm ies 


Normal control\(mean) 4.2%... see dee a 


TABLE 3 
Maximum Bioop SuGAR RESPONSE AND TIME OF RETURN TO FASTING LEVEL FOLLO 
INTRAVENOUS INJECTION OF 0.1 mG. GLUCAGON 


Maximal increase in | Time of return to pre- 


Patient blood sugar (mg. %) | injection level (min.) 

GACH treet oo Soar ae +61 51 
SHIR Se eaptet eteis o eiet +45 59 
CORAR  os sracaate ps vases +60 83 
S; Greer coer. +59 
0 ies ens ia a +59 >120 
Pre Wa ee +43 90 
CES PU = ae Se ene lo +41 50 
8. eee nee +53 >120 
“ rs a A +53 75 

.G. Pease sane « +29 84 
Ni Grev((1D) hee ones te +54 >120 
M>Gea(D). eee oe +66 >120 
cH a o Sin Ee +54 113 

sr ALD) ciictete Rtn: +42 57 
MIGS CD). eee +82 >120 
(Total: $2 -35..5.. 5 801 1262 


(S) = Steroid diabetes 
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Ficure 4. Disappearance of precipitable radioactivity from plasma following intrave- 
us administration of insulin-I'*! to control and sulfonylurea-treated rabbits. The top 
“‘curves”’ were obtained from rabbits given tolbutamide. The remainder were given 

sr tolbutamide or carbutamide. See text for details. Like symbols indicate same lot 
insulin-I'*!, (Reprinted with permission from Diabetes.) 


‘The disappearance of glucagon-I™ was not significantly different in tol- 
atamide-treated and control rabbits. The blood-sugar response to equal 
9ses of glucagon likewise showed no definite differences, but in these studies 
1e dose level of glucagon employed was above the threshold level. 

The in vitro experiments did not reveal any detectable effect on liver insu- 
nase or glucagonase activity at tolbutamide concentrations of 1 mg./ml. 
- less. At tolbutamide concentrations of 2.5 mg./ml., inhibition of liver 
sulinase appeared to be slight, but became progressively more marked at 
igher concentrations. At 100 mg./ml., inhibition of both insulinase and 
lucagonase activity was virtually complete. At this concentration adreno- 
orticotropinase activity was also completely inhibited. 


TABLE 4 
Maximum BLoop SuGAR RESPONSE AND TIME OF RETURN TO FASTING LEVEL FOLLO 


» 5 
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INTRAVENOUS INJECTION or 0.1 McG. GLUCAGON GIVEN 216 Hours AFTER ORAL. 
ADMINISTRATION OF ONE DOSE oF 2 TO 3 GM. TOLBUTAMIDE OR | 
CARBUTAMIDE : 
: Maximal increase in | Time of return to pre- - 
Patient blood sugar (mg %) | injection level (min.) | 
: - a 
SCL anh i ete ae = ee +28 >120 
Mig Bent dahitee. cate ene Batten Be +11 2) 
SD NIGD) Berghe un tole ene : +82 >120 
WV Ga CO eh Ae sens +34 45 
1 MC oO) TG DE ee ee ee +89 >120 
ine Eels) E))) Sturge ce atarests asec +29 59 
CAAU(G) aaa cee +56 88 : 
VI Ct eee Ge aon te +57 55 : 
Pe Re Eade thine se te col +37 36 
Va CGD crm cnn eeee +17 28 
Lota: ube. Pa wha ck Grete 440 704 ; 
IVECR TORE ea eret de ton 2nd ek, 44.0 70.4 
Control group (mean)...... 53.3 99.3 


(T) = Tolbutamide 
(C) = Carbutamide 
(S) = Steroid diabetes 


Discussion 


The hypothesis that inhibition of glucagon action accounts for the hy 
glycemic activity of the sulfonylurea preparations is not borne out by these 
by previous findings.’ In these experiments, neither in the rabbit nor in mal 
was any significant difference observed in the degree or duration of glucagot 
induced hyperglycemia with or without sulfa premedication. Moreover, 
would seem that these drugs do not impair hepatic glycogenolysis, at least 
response to glucagon. Furthermore, at moderate dosage levels we obser 
no effect of tolbutamide on the rate of degradation of I*-labeled glucag 
when administered intravenously in vivo or when studied with liver homog 
nates. The suggestion of Mirsky and his co-workers® 7: 15 that the mech 
nism for the blood sugar lowering effect of the sulfonylureas resides in 
inhibition of the hepatic insulinase system is not borne out by the prese 
findings. The experiments with I'*'-labeled insulin showed that neither i 
vivo nor in vitro, except at high concentrations, is the rate of metabolic degra 
dation of I'*!-labeled insulin altered by tolbutamide or carbutamide.! 
Similarly, Vaughan,’ working with an insulin concentration of 200 ug. /ml 
and with tolbutamide or carbutamide at concentrations of 0.13 to 0.1 
mg./ml., failed to find any inhibition of insulinase activity in whole live 
homogenates or in partially purified insulinase systems. In our experiment 
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as also seen that adrenocorticotropinase activity was inhibited when con- 
trations of tolbutamide of 100 mg./ml. were used. This may indicate 
t at high concentration the sulfonylureas may act as nonspecific enzyme 
ibitors. Further evidence against the idea that carbutamide produces 
ypoglycemic effect by inhibiting destruction of insulin has been reported 
Fritz e/ al.,‘’ who observed that acutely pancreatectomized dogs main- 
ed with continuous infusions of insulin failed to respond to single intra- 
ous injections of carbutamide. 
‘he reported histological findings are at variance with the reports that the 
onylurea derivatives act through destruction of the pancreatic a cells. 
is idea was advanced by the German workers,* > but has also more recently 
nm negated by some of them.'* These findings are also supported by 
ervations that the sulfa compounds are effective in cortisone-treated™ 
‘not in severely alloxan diabetic animals,®: '* in both of which the a cells 
intact. On the other hand, the lack of effectiveness in severe alloxan 
betes® 1° and in total pancreatectomy” * suggests an action via the @ cells. 
is concept is, moreover, in conformity with the finding that the blood 
ar is lowered in partially depancreatized and in some alloxan diabetic 
als in which total destruction of the 8 cells has not been achieved,” and it 
further borne out by the effectiveness of these drugs in hepatectomized 
mals.2! These facts, taken together, tend to rule out a primary extra- 
creatic action of the sulfonylureas, and suggest that the pancreatic 6 
s respond directly to sulfonylurea derivatives with an increased output 
insulin. This idea! * is further substantiated by the degranulation of 
B cells. 

owever, this interpretation of the degranulation is made difficult by the 
t that the degranulation is insignificant prior to the third day. Other 
rkers!9 have taken this to mean that the degranulation that occurs after 
¢ time is induced in a way similar to that observed after prolonged insulin 
ninistration.22. It has been considered a sign of functional rest of the 8 
Is associated with an extrapancreatic hypoglycemic action of the sul- — 
ylureas.!? However, the previously reported experiments with chemi- 
or surgically induced diabetes negate this explanation. 

Although @ cell degranulation correlates with pancreatic insulin content,”* 
does not reflect the rate of insulin formation or release.** Degranulation 
these cells may occur under circumstances of diminished insulin produc- 
n with normal storage, or of increased insulin release with normal or even 
‘reased production. The explanation mentioned above assumes diminu- 
n of insulin production as the cause of degranulation. Our interpretation, 
‘the other hand, assumes increased insulin release with either normal, or 
ssibly increased, insulin production. The evidence from studies in corti- 
ne-treated rabbits supports the idea that increased insulin release may not 
associated immediately with morphologically identifiable degranula- 
m;?> 26 in these studies 48 hr. or more were required before degranulation 
ald be definitely identified. On the other hand, marked elevation of the 
90d sugar level by glucose administration may cause degranulation within 
min, 27 or 3 hr.28 To confirm the impression that the sulfonylureas 
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increase insulin output by the pancreas, it will be important to measure 
effect on the insulin content of the pancreatic veins. This has been attemp 
indirectly in experiments in which systemically ineffective doses of the s 
fonylureas, perfused directly through the pancreas, caused signific 
hypoglycemia.”9 ; 

The hypothesis that the sulfonylureas increase pancreatic insulin outp; 
and the effectiveness of sulfonylureas in some diabetic patients, lead ! 
interesting clinical implications. On this basis it may be assumed that th 
diabetic patients have sufficient capacity for insulin production and that t 
sulfonylureas act as more effective stimuli for insulin production or rele 
than does hyperglycemia, which is not adequate in these instances. : 

These findings do not completely exclude additional extrapancrea 
actions of the sulfonylureas, but these seem to be of secondary importa 


Summary 


This study deals with certain possible mechanisms for the hypoglycer 
action of carbutamide and tolbutamide. | 

Experiments were carried out to investigate the effect of premedicatid 
with sulfonylureas on the hyperglycemic response to glucagon. ‘The resull 
indicate that the hyperglycemic effect of glucagon is not inhibited by the: 
drugs and that they do not influence hepatic glycogenolysis, at least 
response to glucagon. { 

The administration of carbutamide (orally) and tolbutamide (orally ar 
intravenously) to rabbits in dosage sufficient to induce significant hyp’ 
glycemia does not alter the rate of metabolic degradation of I'*!-labele 
insulin or glucagon. These findings indicate that the sulfa compounds 
not act through inhibition of insulinase or stimulation of glucagonase activit: 

No histological changes were observed in the exocrine portion of the pa 
creas nor in the a or D cells after administration of tolbutamide. Very mi 
and sporadic degranulation of the 8 cells was noticed during the first 3 day 
of treatment. After the fourth day, well-marked degranulation was pre 
in some, and on the eighth day almost complete loss of the 6 cell granules 
seen in many animals. 

These observations suggest that the probable mechanism for the hyp 
glycemic action of the sulfonylurea compounds is stimulation of the p; 
creatic 6 cells to increase insulin output, which is reflected morphologic 
by their degranulation. However, these findings do not completely excl 
additional extrapancreatic actions of the sulfonylureas, although these s 
to be of secondary importance. 
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TOXICOLOGICAL AND HISTOLOGICAL STUDIES WITH E 

TOLBUTAMIDE 4 
By Alfred Bander 
Dept. of Pharmacology, Farbwerke Hoechst A.G., Frankfurt, Germany 


In order to study the toxicological effects of tolbutamide* we fed rats < 
dogs high doses of this substance daily for a period of 9 months. Rats w 
given 250, 500, 1000, and 2000 mg./kg., respectively, by tube-feeding. — 
dosage of 2000 mg./kg. is equivalent to about 120 gm. daily administered 
humans. Dogs received 100 mg./kg. daily over a period of 9 months; ti 
dosage is high for dogs. When dogs are given 200 mg./kg. 5 to 7 tin 
daily, they fall into hypoglycemic coma. 

In rats, when doses up to 500 mg./kg. were given, there was no histologi i 
change in the internal organs nor in any glands of internal secretion exeet 
the pancreas. Only when the dosage exceeded 1000 mg./kg. was a fatty liw 
observed, and this did not show degeneration. The extent of the change: 
the liver paralleled the decrease of liver glycogen, as we have shown in earli 
publications. Therapeutic doses, however, considerably increased the liv 
glycogen. In dogs, too, we observed no degenerative histological changes ; 
the internal organs after an observation period of 9 months. Treatment wi 
tolbutamide failed to alter the blood picture, nitrogen metabolism, or uf 
findings. . 

Recently, the degranulation of the 6 cells after the administration of te 
butamide has been the subject of much discussion. There are 3 possibilitie 
(1) Does tolbutamide cause a release of insulin from the 6 cells? (2) Do 
it cause a stimulation of the 8 cells, followed by exhaustion? (3) Does th 
degranulation indicate inactivity of the cells? Clarification of these question 
is of considerable interest, particularly for the future of tolbutamide. If tho 
authors who assume an exhaustion of the @ cells are correct, our anin 
which received extremely high doses for 9 months, should have become d 
betic; that is, they should have shown a decreased glucose tolerance. 

We discontinued administration of tolbutamide to the rats and dogs th 
had received it for 9 months and, 3 days later, we carried out glucose toleran 
tests. The rats received 5 gm. of glucose per kg. intraperitoneally. Aft 
1 hr., the control group of rats showed an increase in blood sugar of 210] 
cent, while the tolbutamide-treated rats showed an increase of 180 per ce: 
After 5 hr., the blood sugars in both groups of rats had dropped to no 
Thus we see that the glucose tolerance is not decreased, but improved. 

The same result was found in dogs. This is illustrated by the histologic 

*Tolbutamide (N-p-methylphenylsulfonyl-N ‘-butylurea), synthesized first in t 
laboratories of the Farbwerke Hoechst A.G., Frankfurt, is known under the followi 
trade-marks: Rastinon-Hoechst, registered trade-mark of Farbwerke Hoechst A. 
Artosin, registered trade-mark of Firma C. F, Boehringer u. Séhne GmbH, Mannh 


Orinase, registered trade-mark of The Upjohn Company, Kalamazoo, Mich. The c 


number applied by Farbwerke Hoechst A.G. for this substance during th . 
stage was D 860, ubstance during the experimem 
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ictures. When daily doses of 2000 mg. of tolbutamide per kg. were given to 
ats over a period of 9 months some degranulation occurred. However, 
2 days after the end of the administration of tolbutamide, the histological 
icture of the islet was again completely normal. 
‘Ina further series of tests we examined the degranulation after the adminis- 
ration of different doses to rats. When we gave 50 mg. per kg. and killed 
he rats 30 min. later, the histological sections showed slight degranulation. 
sections taken 2 hr. after administration of the drug showed definite degranu- 
ation. The histological picture at 6 hr. was similar. At 24 hr. the granu- 
ation was more pronounced, and after 48 hr. the picture had returned to 
normal. 
In an experiment with an extremely high dose (2000 mg. per kg.), we killed 
ne group of rats after 6 hr. and found disappearance of the granulation. 
Animals killed after 24 hr. showed total degranulation. After 48 hr. the 
branulation was beginning to return to normal. After 72 hr. there was reap- 
pearance of the granulation and, after 96 hr., the normal picture appeared 
gain. 

We compared the degranulation after administration of tolbutamide with 
he degranulation after administration of glucose. Rats received 5 gm./kg. 
rlucose orally. After 30 min., degranulation of the 8 cells was seen. After 
D hr. the granulation began to reappear. After 6 hr. the granulation was 
ormal again. 

In another series of experiments we fed rats 100 mg. of tolbutamide per kg. 
for 12 weeks, and killed the animals after 2, 4, 6, 10, and 12 weeks. The 
pancreatic islets of the rats killed after 2 and after 12 weeks showed normal 
pranulation. , 
~ In the light of these results and, in part, those of the glucose tolerance tests, 
we conclude that tolbutamide neither destroys the @ cells nor brings about a 
state of exhaustion of these cells. 
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SEX DIFFERENCES IN THE AMOUNT OF INSULIN : 
EXTRACTABLE FROM DIABETIC HUMAN PANCREAS* 


By G. A. Wrenshall and J. D. Hamilton 


The Charles H. Best Institute and the Department of Pathology, University of Toronto, ~ 
Toronto, Canada : 


Introduction 


Inspection of the data now available indicates what appear to be sex dif 
ferences in the amount of insulin extractable at autopsy from the diabetic} 
human pancreas. In this paper these differences are identified, and their: 
significance is evaluated. 4 

Materials and Methods 


These observations on the insulin extractable from the pancreas are based | 
on totals of 90 male and 109 female diabetic human subjects studied indi- - 
vidually. Included in these totals are 64 subjects reported on previously but | 
not resolved by sex,! and also 6 male and 5 female diabetic subjects, studied ! 
by Scott and Fisher,” and for whom age at diagnosis and duration of diabetes | 
were known. These studies were considered suitable for inclusion, since the | 
same insulin extraction procedure® was used in both studies, and since it had _ 
been shown previously in the two series that no significant difference existed — 
between the average amounts of insulin extractable from the pancreases of 
nondiabetic subjects following sudden death. i 

All values for the amount of insulin extractable from the pancreas are 
expressed as units of insulin per kilogram of body weight at autopsy. Com-_ 
parisons with levels of extractable insulin in nondiabetic subjects are made, 
using average values for unselected groups of nondiabetic male and female 
subjects whose pancreases were extracted and assayed in the same survey.t 


’ 
Results and Observations : 


The amounts of insulin extractable from the pancreas in the individual 
male and female diabetic human subjects of the series are plotted vertically 
as functions of age at diagnosis of diabetes and of its known duration, i 
FIGURES 1 and 2, respectively. An equation for the least squares plane o 
best fit} correlating years of age at diagnosis of diabetes, 4, and the years 0 
duration of life thereafter, D, with the amount of insulin extractable fro 
the pancreas at autopsy, expressed as units per kilogram of body weight, I 
has been calculated for each sex. For those persons diagnosed diabetic on 
or after their twentieth birthday (designated as maturity-onset diabetic “4 


jects), the equations of these planes are: 


I = (1.200) + (0.00437)4A — (0.0460)D (1) 


* The work on which this paper is based was supported by funds from the Banting 


nee Foundation, Toronto, and the National Research Council of Canada, Ottawa, 
anada. 


+ Multiple linear correlations, 
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Ficure 1. Extractable insulin of the pancreas at autopsy shown in relation to age at 
diagnosis of diabetes and to survival time thereafter. Male subjects. 


: TABLE 1 
AvERAGE VALUES + STANDARD ERROR FOR DURATION OF DIABETES, AND FOR 
Amount oF INSULIN EXTRACTABLE FROM THE PANCREAS AT AUTOPSY FOR ALL 
GrowTH-ONSET AND Marturity-ONnsET D1aBeTic HUMAN SUBJECTS OF THE 
SERIES. SUBDIVISIONS OF DATA ARE MADE BY SEX AND BY AGE AT 
DIAGNOsIS OF DIABETES 


—— 
t Duration in years a SE eres gs nee 
. : No. of which which 
a nda subjects differ- differ- 
i by sex Male Female ans Male Female van 
Av. + S.E.|Av. + S.E. StS Ange ce) Se | Ave ee. Ey. Se 
on cant cant 
‘Growth-onset subjects 
. Q-19.9 yeats.....-..- 13 M., |10.5 + 2.5) 9.0 + 2.3 > 0.16 + 0.11/0.06 + 0.03 * 
i 10 F 
“Maturity-onset subjects 
nm 20.0—39.9 years....--- 7M., |22.6 + 3.6/16.1 + 3.1 20% |0.15 + 0.07|1.95 + 0.68 5% 
) OF é 
40.0—-49.9 years......- ATE. | 0.9 #5103, 7 ae 8| 20% |0.94 +-0.27/1.27 + 0.21 Ey 
22 F. 
5 0-0-59..9 years Reayenaiiae 90: Mis | 6.816158 <E t.3 * 1.47 + 0.48|0.87 + 0.16 * 
- 27 E. 
60.0—69.9 years......-+ 19 M., | 4.7 + 0.8) 5.2 + 0.8 * 0.91 + 0.17/0.99 + 0.18 * 
jr 24 F 
70 years and over..... 14 M., | 2.9 + 0.7| 4.2 + 0.8] 20% 1.49 + 0.35|1.39 + 0.26 * 
17 F 
All maturity-onset sub- : 
Wy jects... ssn ee eee Fey NN (ei ss DEO) 8.9+0.8 * 1.10 + 0.17)1.17 + 0.11 * 
“ P 99 F 


spiasiaiindnianel ee — — 


WRSEIEA, 
WY) roan "Ye 
ROY 

N\A Ko 


WANs 


60 


40 
YEARS OF AGE AT DIAGNOSIS OF DIABETES 


Female subjects. 


i 
= 
] 
a 
Or 
y 
- 
. 
2 
no 
] 
c 
° 
c 
” 
N 
. 
° 
~ 
v 
> 
= 
> 
y 


20 


FEMALES 
MALES 


Annals New York Academy of Sciences 


Sovran he ee 
1y61am Apog jo ‘6yysy1un <NITINSNI 37GVLOVYLX3 


er 
Extractable insulin of the pancreas at autopsy shown in relation to age att 


(qubram Apog “64; wun | =a1p 1) 
qi_1_i_t_i__l» 
SV3YDNVd 3HL JO 

NITNSNI 37@VL5veLx3 


6 


diagnosis of diabetes and to survival time thereafter. 


~ Ficure 2. 


5 


ic human pancreas 


Number of subjects and the standard efror of estimate are shown for each 


Average amounts of insulin extractable from the diabet 


FIGURE 3. 
at autopsy. 


group. 
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80) 
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PERCENTAGE 


fe) 20 40 60 80 
AGE AT DIAGNOSIS OF DIABETES: years 


Ficure 4. Variation with age at diagnosis of diabetes of the percentage of maturity- 
iset diabetic subjects with one tenth or more of the average amount of insulin found at 
atopsy in adult nondiabetic subjects of the same sex. Number of subjects and 10 per 
nt confidence limits are shown for each group. 


. the 77 male subjects; 
’ T = (1.198) — (0.00044)A + (0.00025)D (2) 


r the 99 female subjects. 

In TABLE 1 all diabetic subjects of the series are grouped by age at diagno- 
s of the diabetes for each sex. The statistical significance of sex differences. 
1 the group-average values for known duration of diabetes and amount of 
ssulin extractable from the pancreas is shown. These comparisons are illus- 
ated in FIGURE 3. 

3 It has been noted previously! that grouped values for the amount of insulin 
xtractable from diabetic human pancreases do not have a normal distribu- 
ion, an assumption that is involved in making the above calculations. For 
his reason an alternative basis for analysis has been set up. The diabetic 
uman subjects within a given class interval were subdivided into those 
aving as much as or more than, and those having less than, a specified small 
raction (5, 10, 20 per cent) of the average amount of insulin extractable from 
he nondiabetic human pancreas*. The percentage of grouped subjects 
aving as much as or more than the specified fraction was determined, and 


* These reference levels were selected because diabetes becomes manifest only after the 


argical removal of all but a small portion (5 to 20 per cent) of the pancreas from mice,* 
ts,5 and dogs,® and only when the extractable insulin of the pancreas in rats has been 


educed into (or below) this range by alloxan.” 


- 
a 


. 
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the confidence limits of this percentage were obtained from statistical tabl 
compiled by Mainland.* ; 
The results of this type of analysis, in which one tenth of the nondiabe 
level of extractable insulin was selected as the dividing line are shown i. 
FIGURES 4 and 5. The corresponding patterns obtained when the dividin 
level was set at one twentieth or at one fifth, and the conclusions deducibli 
from them, corresponded reasonably well with those shown in FIGURES 4 an 
5, and are not shown. 
An analysis similar in nature to those just described was performed usin; 
Hartroft’s® counts of the number of islets of Langerhans per unit area in hi 
tological sections with a thickness of three ». This partial analysis include 
66 of the maturity-onset diabetic subjects of the present series. The fin 
ings are illustrated in FIGURE 6. A similar analysis was made using the per! 
centage falls in plood sugar level for diabetic subjects following a singld 
standard dose of tolbutamide, observed by Mirsky, Diengott, and Dolger,!' 

These are illustrated in FIGURES 7 and 8. a 
Regardless of whether the analyses of data are based on values for tha 
absolute amount of insulin extractable from the pancreas or upon icant 
{ 


of subjects with very low levels of this factor, statistically significant 
ferences between the sexes can be observed. The linear regression shown ili 
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FicurE 5. Variation with known duration of diabetes of the percentage of maturi 
onset diabetic subjects with one tenth or more of the average amount of insulin found at 


autopsy in adult nondiabetic subjects of the same sex. Number of subjects and 10 perc 
confidence limits are shown for each group. 
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! FEMALE SUBJECTS : 


MALE SUBJECTS 


PERCENTAGE 


i 
O 8 16 24 over24 
KNOWN DURATION OF DIABETES ‘years) 


| Ficure 6. Percentages of diabetic human subjects with more than 3.5 islets of Langer- 
ps per sq. mm. of tissue section. Data of Hartroft and Wrenshall.? Number of subjects 


s shown at the top of each column. 


ATIONS 1 and 2 between extractable insulin, 7, and age at diagnosis, A, 
‘significant at the 10 per cent level for male but not for female subjects. 
he degree of linear regression between / and duration of the diabetes is 
snificant at the 5 per cent level in males and does not differ significantly from 
ero for females. The average level of the extractable insulin of the pancreas 
n female subjects diagnosed diabetic in the 20.0 to 39.9 year age range is 
mificantly higher than that for the corresponding male subjects (TABLE 1). 
r male subjects diagnosed diabetic in the 20.0 to 39.9 year age range, the 
entage of subjects with one tenth or more of the extractable insulin of 
reas found in the nondiabetic control group is significantly lower than 
t for diabetic female subjects in the same age range at diagnosis (FIGURE 4). 
milarly, the percentage of male subjects who have survived for more than 
years after having been diagnosed diabetic differs at the 10 per cent level of 


ae 


significance from that for female subjects of the same description (FIGURE 5). 


Discussion 


‘The amount of insulin extractable from the pancreas'!~'4 and the volume 
F islet tissue!® have been reported to increase in experimental animals as a 
esult of the administration of certain estrogens but not after administration 
‘the androgen testosterone. The action of the ovaries and of estrogens, 


St 
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FicurE 7. Percentages of diabetic human subjects for whom the fall in blood sugat 
level was more than 20 per cent in the single-dose tolbutamide test of Mirsky, Diengot' 
° 8 16 24 over 24 te) 8 16 overlé 


and Dolger.!°. Number of subjects is shown at the top of each column. 
KNOWN DURATION OF DIABETES (years) DURATION . 


Frieure 8. Duration of diabetes versus percentage of diabetic human subjects in w 
the fall in blood-sugar level was 20 per cent or more in the single-dose test of Mirs 


L FEMALE SUBJECTS: all ages 


100r maturity-onset only 


MALE SUBJECTS: oll ages ) 


PERCENTAGE 
PERCENTAGE 


Diengott, and Dolger.!° Number of subjects and 10 per cent confidence limits are sh 
for each group. 
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ially when associated with insulin therapy in preventing the develop- 
of diabetes in the 95 per cent depancreatized rat or in overcoming 
an diabetes, is accompanied by hyperplasia and an increase in the num- 
bf islets of Langerhans. !® 

comparison with this, it is of interest to note that the highest average 
of extractable insulin of the pancreas in diabetic female subjects occurs 
e 20.0 to 39.9 year age group at diagnosis (TABLE 1) and that this level is 
er (but only at the 20 per cent level of significance) than that for female 
ects 50.0 to 59.9 years of age at diagnosis of diabetes. The 20.0 to 39.9 
age range is also the interval of greatest fertility in women, while this 
e of life has been passed in women over 50 years of age. 

e changes in the pancreas remnant produced by sex factors take appre- 
é time to develop.1® The same appears to be true for diabetic man. 
rding to EQUATION 1 the average rate of reduction in the extractable 
in of the pancreas in maturity-onset diabetic man amounts to about 
r cent per year of the average level in the newly diagnosed subject. 
is in contrast to our experience of almost complete loss of extractable 
in (and of 6 cells) within one year in male and female human subjects 
nosed diabetic while growth is actively continuing,!? presumably under 
uction of pituitary somatotropin. It is recognized that the basis for the 
re comparisons between animals susceptible to diabetes and diabetic 
an subjects leaves much to be desired. 

ne close similarity in the patterns of rrcuRES 5 and 6 is what would be 
cted if the fall to very low levels in the extractable insulin of the pancreas 
caused by loss of islet tissue. This possibility is currently under investi- 
bn, using histological sections of pancreas from all subjects of the series. 
ith the exception of the paper by Mirsky, Diengott, and Dolger,’° 
led comparisons of the responses of male and female diabetic human 
ects to sulfonylurea therapy have not been found in the literature. Using 
nalysis of covariance in their series of 100 male and 100 female diabetic 
ects, these authors found no statistically significant differences between 
means or between the regression coefficients of six independent factors, 
id ing age at diagnosis and duration of diabetes in the two sexes. 

view of the lack of correspondence in this and other details in the pat- 
Ze: response of the diabetic subjects of their series to a single test dose 
sutamide and of the amounts of insulin extractable from the pancreas 
utopsy in the subjects of our series, a comparison of original data was 
nged. Enumeration analyses of the tolbutamide test-data, similar in 
s to those illustrated in ricurEs 4 and 5, are shown in FIGURES 7 and 8, 
ectively. 

noteworthy difference between the two sets of data is a relative lack of 
ects of either sex with maturity-onset diabetes of long duration in the 
utamide series. In our series there are 10 male and 15 female subjects in 
category who survived 18 years or longer following diagnosis of diabetes 
e, in the series of Mirsky, Diengott, and Dolger, only 1 male and 6 female 
ects fall into this category. Since duration of diabetes in male subjects 
ed to be the major factor correlating with the extractable insulin levels _ 
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in our series, the lack of such long-term subjects in the tolbutamide 5 
may account for the apparent lack of a significant degree of correla tio 
this regard. However, even with this limitation, there are ie : 
the proportion of maturity-onset male subjects responding favorably te 
tolbutamide test is significantly less after the diabetes has lasted 8 or 11 
years than in the corresponding female group (FIGURE 8). Additional 
butamide-response tests performed on male and female subjects diagn’ 
diabetic in the 20 to 40 year age range, and with diabetes of long duras 


should serve to clarify this situation. 


Summary and Conclusions 


The amount of insulin extractable from the pancreas at autopsy has I 
measured individually in 90 male and 109 female diabetic subjects, ut 
standardized procedures. Sex-specific analyses of the covariance of agg 
diagnosis, A, and duration of diabetes, D, with extractable insulin, [ i,t 
been performed. Significant degrees of linear correlation between J ant 
and between J and A have been established for male (but not for female) : 
jects diagnosed diabetic after the first two decades of life. All but reces 
diagnosed subjects of both sexes diagnosed diabetic in the first two deca 
of life had very low levels of extractable insulin. : 

The proportion of subjects with low levels of extractable insulin (un 
10 per cent of the nondiabetic average) has been determined for each se! 
class intervals relating to A and D. For diabetes diagnosed after the sec: 
decade of life, the proportion of female subjects with low levels of pancre 
insulin was small, and did not vary greatly with either A or D. In contr 
the diabetic male subjects showed a progressive decrease with A and i] 
gressive increase with D in the proportion of subjects with low level: 
extractable insulin. 

These findings have been compared with sex differences seen in the 
creas in experimental diabetes, and in the clinical responses of diabeti 
jects to sulfonylurea therapy, published by others. 
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REPORTS ON STUDIES WITH CARBUTAMIDE AND TOLBU. 
AMIDE DONE AT THE CHARLES H. BEST INSTITUTE, 
UNIVERSITY OF TORONTO 


By G. A. Wrenshall 
The Charles H. Best Institute, University of Toronto, Toronto, Canada 


The combined report that follows consists of summaries of work recer 
done with carbutamide and tolbutamide in five d‘fferent sections of 
Charles H. Best Institute. I have been delegated to summarize and pres 
the findings of the research teams involved. The names of the conn 
are indicated with each summary. 

D. W. Clarke has measured glycogen levels in rat diaphragms before < 
during incubation in vitro following the in vivo administration of carbut 
or tolbutamide. Six groups of normal rats received daily injections of eit 
saline, 50 mg. carbutamide, 50 mg. tolbutamide, 10 mg. cortisone, carbt 
amide and cortisone, or tolbutamide and cortisone. After 14 days, the r 
were killed and the diaphragms were removed for a determination of th 
initial glycogen. The amounts of glycogen synthesized after incubations 
a glucose-containing medium were also determined. 

With 7 animals per group, the values for the initial glycogen levels § w' 
as shown in TABLE 1. Treatment with carbutamide significantly increai 
the initial glycogen. The apparent increase with tolbutamide is not s 
tistically significant, although it must be considered suggestive. The 
of cortisone treatment was to increase initial muscle glycogen. There 
no interactions between cortisone and either tolbutamide or carbutarll 

Average values for net glycogen synthesis are shown in TABLE 2. _In ma 
cases there was actually less glycogen after than before incubation, and th: 
cases are shown in TABLE 2 as negative values for net glycogen synthe: 
The greater glycogen loss in the carbutamide-treated animals than in 1 
saline-injected controls is statistically significant. The results with thet 
butamide-treated animals are not significantly different from those obta 
with control animals. 

It was demonstrated previously that there is no direct effect of carb 
amide in stimulating glycogen synthesis of the diaphragm.! The effect n 


TABLE 1 
INITIAL GLYCOGEN CONTENT OF RaT DIAPHRAGM IN MG./GM. OF MUSCLE Fo 
ING PRETREATMENT WITH SALINE, CARBUTAMIDE, OR TOLBUTAMIDE, WITH 


AND WITHOUT CORTISONE 
Ce eee ae, eee a ee 


Saline | Carbutamide | Tolbutamide 


> F : 1.28 
With cortisone............. 2.19 2.68 2.09 


= EEE 
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TABLE 2 
GLYCOGEN SYNTHESIS IN RAT DIAPHRAGM IN MG./GM. OF MusCLE FOLLOWING 
TREATMENT WITH SALINE, CARBUTAMIDE, OR TOLBUTAMIDE, WITH AND WITHOUT 
CORTISONE 


= 


Saline | Carbutamide | Tolbutamide 


IN@ROOPLISONE. ..40600 os cas 0.16 —0.16 —0.07 
With cortisone.............} —0.82 —1.41 —0.83 


= 


, obtained by repeated daily injections with carbutamide, may possibly 
It from increased peripheral insulin activity. 

he effects of tolbutamide and carbutamide on the acetylation of p-nitro- 
ine by a soluble pigeon liver enzyme system in the presence of coenzyme 
CoA) has been studied by H. Socol, E. Schénbaum, and J. Campbell. 
se experiments were incidental to a long-range study on the role of CoA 
netabolism. The method used was a slight modification of the procedure 


PIGEON LIVER ACETYLATING ENZYME SYSTEM 


ig a CE Ge er aE 
—_— 


ALLOXAN : : 
TOLBUTAMIDE 


100 


CARBUTAMIDE 


0 25 50 100 250 500 
MOLARITY x. 10° 


71GURE 1. Acetylation of p-nitroaniline. Each value represents the average of at least 
) determinations. Contents of each tube included 19 umoles of sodium citrate, 24 
oles of sodium acetate, 4 wmoles of adenosine triphosphate, 0.4 umole of p-nitroaniline, 
) pmoles of tris(hydroxymethy])aminomethane buffer at pH 7.6, 15 umoles of cysteine 
trochloride, 1.5 Lipmann units of coenzyme A, 0.2 ml. of Dowex-treated enzyme solution 
/per cent), 0.2 ml. of inhibitor and/or water, in a total volume of 1.1 ml.; incubated for 


meat 37 C. 
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of Kaplan and Lipmann,” using /-nitroaniline (4 << 10-400) wag | 
instead of sulfanilamide. Either tolbutamide or carbutamide was ad 1c 
multiples of 2.5 X 10-° M. Urea and some of its derivatives of biolog 
interest were also included in this series. Barbiturates, in concentratio 
10-* M, have been reported recently to inhibit acetylation.* : 

As seen in FIGURE 1, both tolbutamide and carbutamide inhibit acet 
tion strongly at concentrations around 2.5 X 10~* M (approximately 7. 
per cent). Ata concentration in the enzyme system lower than may be~ 
duced in blood during treatment, the inhibition is already noticeable. ¢ 
butamide itself is partly acetylated by this enzyme system. At a final ¢ 
centration of 2.5 X 10~* M, 4.5 per cent of the total carbutamide is acetyla 
and at double this concentration 16 per cent is acetylated. Therefore, ¢ 
petition for acetyl groups appears to occur at the higher concentration4 
carbutamide. The acetylating enzyme system was strongly inhibited 
alloxan, near-maximal inhibition occurring even at a concentration 


Sesct8 ae 
Of other substances tested, barbiturates (pentobarbital, enti 
dium) had relatively small inhibitory effects, and diphtheria toxin, synt 
guanidine, and urea were without effect (TABLE 3). The toxin was inclue 
because it is known to produce adrenal lesions. 

The basic modes of action of carbutamide are not yet clear. Seve 
pieces of evidence gathered by M. A. Ashworth, Rosemary D. Hawkins, ¢ 
R. E. Haist point to a stimulation of the islets of Langerhans as one 


TABLE 3 
INHIBITION OF p-NITROANILINE ACETYLATION 


Inhibitor Molarity Per cent inhibition 
Tolbutarnide: e/a eee 259) x% 10 0 
5.0 X 1075 4 
25S2>< 1034 6 
50) 10+ iW 
2.5 56 LSS 61 
20 1073 78 
Carbtttamides..e aces. 225 >¢.1055 if 
ale A One 4 
2.5. x10 ot 10 
5.0 X 10-4 15 
2 DK AS 41 
SO al ae 59 
AlloxHni tn iho mmiataet ten at Pp Rees aan KU 54 
SOE Loss 92 
2.5 10-3 100 
Pentobarbitals 3. 2e0sese.. 20 Xx 10=4 0 
2.5 X 1073 28 
Amobarbital sodium........ Pam ie Vee 0 
ZOE lO? 23 


Synthalin, guanidine, urea, and diphtheria toxin: no inhibition. 
emer earn 


Wrenshall: Best Institute Studies 167 


bns. Ashworth and Haist* showed that when rats were given carbut- 
le by mouth daily for from 3 to 5 wk. at doses of 0.5 to 1.0 gm./kg. of 
weight, an increase in islet weight was noted. Previously, B. Kinash* 
d that continuous intravenous infusion of carbutamide at the rate of 
oximately 1 gm./kg./day for one week did not lead to a significant 
base in islet tissue. With the longer period of oral administration of the 
utamide, however, there was an increase in the islet weight. This was 
ficant at the 1 per cent level. At the same time there was a significant 
ease in pancreatic weight and thus an increased concentration of islet 
he in the pancreas. The islet weight per unit of body weight was also 
ificantly increased. 

his finding supports the view that carbutamide somehow, directly or 
rectly, stimulates the islets of Langerhans and that this stimulation per- 
5 over a period of time.* Evidence which is harmonious with the fore- 
ig was obtained from studies on glucose-6-phosphatase. Hawkins, Ash- 
h, and Haist’ found that administration of carbutamide to rats for 3 
ks led to a reduction in the glucose-6-phosphaiase activity of the liver. 
e it has been reported that insulin reduces the glucose-6-phosphatase 
vity of the liver,* there was a possibility that this effect of carbutamide 
“due to insulin release. For this reason Hawkins has investigated the 
of carbutamide on the glucose-6-phosphatase activity of the liver in 
s made diabetic with alloxan. In these diabetic rats no reduction in the 
bose-6-phosphatase activity of the liver was observed following 8 days of 
ninistration of carbutamide; indeed, a rise was evident. With the same 
iod of administration of carbutamide the normal, nondiabetic rats showed 
d reductions in glucose-6-phosphatase activity. The rise in glucose-6- 
psphatase activity after alloxan, previously reported by other groups,* 
. observed also. The results of this experiment indicate that insulin is 
wired for the effect of carbutamide on the glucose-6-phosphatase activity 
iver, but whether or not an increased amount of insulin is necessary for 
s effect is not known at present. However, these results are in harmony 
, the view that carbutamide stimulates the secretion of insulin by the 


» actions of carbutamide and of tolbutamide on the function and his- 
gical picture of the thyroid gland of the rat have been studied by 
Logothetopoulos and J. M. Salter. In this study a search has been made 
possible relationship between the “hypoglycemic” and “thyroid” 
scts of these substances. 

Sarbutamide, tolbutamide, sulfadiazine, and sulfapyridine were tested for 
ir inhibitory effect on uptake of I'51 by the thyroid gland. Carbutamide 
(0 mg.) and equimolar doses of the other compounds were injected sub- 
aneously into groups of 8 rats 0.50 hr. before an intraperitoneal injection 
10 uc. of I'*1 as sodium iodide. The thyroid glands were removed 4.0 hr. 
er and the total radioactivity in their digests was counted. The per 
takes, expressed as percentage of the uptake in the control group, are 


wn in TABLE 4. 
The marked difference in the effect of the two sulfonylureas on I'*! uptake, 
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TABLE 4 
CoMPARATIVE INHIBITION OF I!8! UpTAKE BY THE Rat THyROID GLAND Caus 
THE INJECTION OF VARIOUS AGENTS INCLUDING TOLBUTAMIDE AND CARBUTAMI 


Thyroid uptake of I'#! (mean as 
Coe per cent of controls +S.D.) 
Conttolsame hie eer 100 + 30 
Carbutamide:. ceaeern or 10.3 
Tolubutamide 4753: tee 6122S 
Sulfadiazine:..)-. 1c bie 642 
Sulfapyridine 2. .-enee 15 426 


5 


seen in TABLE 4, was paralleled by the difference in their goitrogenic Pp 
erties. The carbutamide or tolbutamide was given at 0.2 gm. per kg. b 
weight in two injections daily for 21 days to groups of 10 rats, kept on a 
iodine diet. 4 

Tolbutamide did not induce any change in the weight or the histolog3 
picture of the thyroid gland, but the rats treated with carbutamide develop 
goitrous glands with all the histological signs of release of pituitary thyrc 
stimulating hormone. The thyroid weights (+S.D.) in milligrams for 
control and treated groups were: 40 + 9 for the carbutamide group, 23.5) 
4.1 for the tolbutamide group, and 23.5 + 3.5 for the controls. : 

The goitrogenic effect of carbutamide was fully prevented by a daily inj 
tion of 4 wg. of L-thyroxine. The thyroxine-supplemented carbutami 
treated group showed the same blood sugar levels after the last injection 
the sulfonylurea and the same pattern of loss of stainability in f-cell granu 
as did the goitrous group on carbutamide alone. These findings, toge 
with the fact that tolbutamide, while lacking a “thyroid” effect, ha 
strong a hypoglycemic action as carbutamide, indicate: (1) that the 
actions may be due to different parts of the molecule, and (2) that 1 
pituitary-thyroid imbalance does not contribute significantly to the ef 
of the hypoglycemic sulfonamides on carbohydrate metabolism. 

Severe hepatotoxic effects have been observed by Anna Sirek, O. V. S 
and C. H. Best in depancreatized dogs and puppies treated with carbuta 
for extended periods. Earlier findings relating the administration of 
butamide to changes in blood lipid and the blood and urine sugar leve 
adult animals have been reported elsewhere.® Since then it has been obse 
that this drug, when chronically administered in “maintenance doses,” int 
fered seriously with the blood-clotting mechanism of these animals. __ 

This observation has been extended to include two littermate dep 
creatized puppies. The blood prothrombin levels were decreased below E 
carbutamide control levels following 39 and 63 days on 0.5 to 1.0 gm. c¢ 
butamide per day for the depancreatized pups and dogs, respectively. I 
No. 1 and both puppies died under the condition described above on_ 
sixty-fourth, fortieth and forty-second days. Post-mortem findings on th 
three animals, together with those on a depancreatized hypophysectomi. 
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9g, which showed bleeding tendencies but in which no prothrombin time 
d been measured, revealed subendocardial petechiae and subserosal 
morrhages throughout the body in two animals. There was no evidence 
brain hemorrhages. A common finding in all four animals was that the 
er was enlarged and fatty. In the puppies it was very large, yellow, and 
jiable. The findings of bleeding tendencies and fatty livers in depancrea- 
ed adult dogs treated with carbutamide find support in similar observa- 
ns made by P. Schambye”? in the laboratory of K. Hallas-Mgller in Den- 
ark. These combined results are interpreted as being caused by a toxic 
tion of carbutamide on liver tissues. 
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LONG-TERM STUDIES OF THE SULFONYLUREAS IN 
TOTALLY DEPANCREATIZED DOGS* 


By Henry T. Ricketts, Henry L. Wildberger, and Hans Schmid 
Department of Medicine, University of Chicago, Chicago, Ill. 


The hypoglycemic action of carbutamide (BZ-55) and tolbuta nic 
(U-2043, Orinase) has not been satisfactorily explained. Their ineffectiy 
ness in the absence of insulin proves that they are not substitutes for tha 
hormone. : 
The completely pancreatectomized animal treated with suboptima 
amounts of insulin is a useful preparation for exploring some of the row 
by which the compounds may act. If these compounds lowered the bloox 
sugar under these conditions, it would be demonstrated that neither stimula 
tion of the 6 cells nor inhibition of the a cells of the pancreatic islets is a 
essential part of the mechanism. It might then be concluded that th! 
injected insulin itself is potentiated or that the primary effect is on othet 
tissues involved in carbohydrate metabolism, with insulin playing only a per 
missive role. On the other hand, if such experiments were negative, it would 
mean that the presence of the pancreas is necessary, and the possibilities tha’ 
the drugs influence insulin secretion or a-cell function would remain open. 
Observations of this kind have been few in number, variable in design, anc 
inconsistent in outcome. Root* has reported a 50 per cent fall in blood sugai 
after oral administration of a single dose (2 gm.) of carbutamide to a tota 
depancreatized dog receiving 10 units of NPH insulin daily. Sirek anc 
Sirek? studied 2 such animals for more than 2 months. Insulin was reducec 
at the same time that feeding of carbutamide was begun, and the results 
were judged by changes in ‘insulin requirement,” a criterion that must 
employed with caution. One dog seemed to show some effect of the drug 
although the authors minimize its significance. The other dog, on daily 
treatment with carbutamide, eventually was able to achieve normal and ey: 
subnormal levels of blood sugar with as little as 1 unit of insulin given 
intervals of up to 10 days. There is no reference to post-mortem verificatior 
of the completeness of pancreatectomy. Campbell,’ after a suitable cont 
period, administered carbutamide daily over a period of 43 days to a pa 
createctomized dog maintained on constant diet and insulin dosage, a 
found a definite decrease in fasting blood sugar levels and subsidence of gl 
cosuria to zero. Withdrawal of insulin with continuance of the drug result 
in hyperglycemia, glycosuria, and ketosis. On the other hand, Fritz and 
colleagues,* in acute experiments on depancreatized dogs, were unable t 
demonstrate any enhancement of activity of intravenously infused insuli 
when a single 1 gm. dose of carbutamide was given by the same route. T 
experiments were performed under pentobarbital anesthesia. | 


1 


* The work on which this paper is based was supported by grants from The Upjohi 
Company, Kalamazoo, Mich., and Eli Lilly and Company, Indianapolis, Ind, | 
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Methods 


Six mongrel dogs weighing 8.9 to 12.7 kg. were pancreatectomized, with 
very attempt at completeness, under pentobarbital anesthesia. Following 
ecovery, diet* and insulin were adjusted over a period of 2 to 7 weeks with 
€ purpose of permitting well-marked hyperglycemia and glycosuria without 
ndue loss of weight. Thereafter, with minor exceptions, conditions were 
ept constant. The experiments were planned so that a control period with- 
t drug of from 8 to 22 days was followed by an experimental period with 
rug of from 5 to 17 days, then by a recovery period, a second experimental 
eriod, and a final recovery period. Carbutamide was given in the first 
xXperimental period and tolbutamide in the second in doses of 1 gm. daily, 
xcept for 1 dog that received 3 gm. daily. 

The animals were kept in metabolism cages. Food, regular insulin, and 
rugs (per os) were given twice daily in equal amounts. Daily 24-hr. collec- 
ions of urine were analyzed quantitatively for glucose,® and fasting blood 
ugar levels® were determined as a rule 3 times per week. 


Results 


“Three dogs (Nos. 5, 6, and 8) completed the experiments as originally 
lanned. Dog 5 died, presumably of inanition, 5 days after the close of the 
inal recovery period. Autopsy revealed extreme cachexia with atrophy of 
he thyroid and myocardium. A small nodule on the wall of the duodenum 
‘ontained no pancreatic tissue in frozen sections, and none was found else- 
where despite careful searching. 

- The remaining 3 dogs died during the observations and merit the following 
omments: 

Dog 2, the only animal to receive 3 gm. of carbutamide daily, died 5 days 
fter the drug was discontinued, having ingested a total of 16 gm. during 
19 days. Before death the dog displayed anorexia, weakness, vomiting, 
aundice, and orange-colored urine. At autopsy the body fat was stained 
range. ‘The liver was fatty. Degenerative changes were present in the 
enal tubules, and both these and Bowman’s spaces contained considerable 
rotein. No pancreatic remnants were found on gross or microscopic 
sxamination. 

- Dog 7 was found dead in its cage the day after it had completed an 11-day 
course of treatment with 1 gm. of carbutamide daily. Three days before 
death the animal became somewhat lethargic and its appetite was diminished. 
The urine was orange in color, but tests for bile, bilirubin, urobilinogen, por- 


# The daily diet, kept constant for each dog after stabilization, consisted of 174 to 3 cans 
(net weight of 1 can = 480 gm.) of Rival Dog Food plus 20 to 30 gm. of pancreatin powder 
(Lilly). Ingredients of the canned food are said to be meat products, including liver, 
soybean flakes, soybean oil meal, meat meal, barley, wheat germ, wheat, iodized salt 0.5 
per cent, sodium nitrite 0.0004 per cent, sodium nitrate 0.0003 per cent, iron oxide 0.05 
per cent, onion and garlic powder, and water. “ Guaranteed analysis” is said to show: 
minimum, crude protein 11.5 per cent, crude fat 2.5 per cent, nitrogen-free extract 7.5 
per cent, Ca 0.3 per cent, P 0.3 per cent; maximum, crude fiber 1 per cent, crude ash 
per cent, salt 0.5 per cent, moisture 74 per cent. , 
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ohyrins, and occult blood were negative. Post-mortem examination revealed 
a light orange staining of the fat depots. The stomach and intestine con- 
ained large amounts of dark red material that did not appear to be blood, 
although specific tests were not done. There was no sign of bleeding from 
the mucosal surfaces. The liver and kidneys were grossly and microscopi- 
ally normal except for occasional nodular glomerular lesions that seemed 
unrelated to drug therapy. No recognizable pancreatic tissue was found. 
Dog 9 was found dead in its cage 3 days after completing a 13-day course 
of carbutamide therapy at a dosage rate of 1 gm. per day. The urine had 
ecome orange-brown, but the animal had seemed to be in excellent health 
the evening before death. At autopsy there was no staining of the fat depots. 
The liver and kidneys were grossly and microscopically normal, except for 
the presence of considerable protein within the glomerular capsules and in 
some tubules, presumably agonal. The small bowel was heavily infested 
with roundworms, but the intestinal contents were of normal color and there 
was no evidence of mucosal hemorrhage. The stomach was distended with 
‘undigested food, suggesting that the dog had died soon after eating and 
receiving insulin. The cause of death was uncertain, but may have been 
hypoglycemia. No recognizable pancreatic tissue was found. 

The response of blood and urinary glucose to treatment with the drugs is 
shown in TABLE 1 and FIGURES 1 to 3. Mean values in experimental and 


period and a possible lag in the full effect of the drug. 
Tt is evident that, in all animals receiving insulin, carbutamide and tol- 


butamide produced a significant reduction in glycosuria and, to a lesser extent, 
1 h the anorexia that developed in 


take was still normal. The first experiments on Dog 5 were carried out 
ithout insulin, and in this circumstance carbutamide had no effect. In later 
_ experiments, when insulin was given, the animal responded well to both drugs. 


Se 


Ficure 1. Dog HA-ST, totally depancreatized 19 days. In this and succeeding charts, 
figures between horizontal arrows represent means for the periods indicated. 


Ficure 2. Dog HA-6-T, totally depancreatized 24 days. 


_ DaYS 


FicurE 3. Dog HA-8-T, totally depancreatized 63 days. ; 


The fact that this dog survived for more than two weeks in the initial control! 
period without insulin, and in apparently good health, raised the question of 
whether pancreatectomy had been complete. Failure to find any pancreatic 
tissue at autopsy renders this case puzzling, and the possibility that such 
tissue may have been missed must be considered. 


Discussion 


The ability of carbutamide and tolbutamide to diminish fasting blood sugar 
levels and glycosuria in totally depancreatized dogs maintained with sub- 
optimal doses of insulin demonstrates that these effects can take place without 
the intervention of the pancreas. This is not necessarily incompatible with 
experiments indicating that insulin secretion is stimulated when the pancreas 
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intact;7-? nor does it eliminate the possibility that the « cells, when present, 
re suppressed, although the evidence originally implicating them has been 
urgely refuted.?® 1! 

The data permit, no decision between the alternative conclusions (1) that 
jected insulin is potentiated or (2) that glucose disposal is accelerated or its 
slease retarded in tissues for which a certain minimum of insulin is necessary. 
here is some evidence from other sources against the first alternative. If 
he activity of insulin were augmented by the drugs (or for that matter if its 
ecretion were enhanced in the presence of the pancreas), it would be expected 
hat its known effects, in addition to hypoglycemia, would be intensified. 
et the sulfonylureas reportedly do not elevate blood lactate or pyruvate? )* 
Iter blood sugar or phosphorus curves after glucose loading,!?"!> !” or decrease 
nitrogen excretion!” 14 1 17 in the diabetic patient; they do not accelerate 
he oxidation of C’*-labeled glucose, as measured by recovery of CO: in 
viscerated, nephrectomized rabbits;'* and they do not increase the uptake 
nf glucose by the rat diaphragm” 20__al] of which are accomplished by insulin. 
- Ifa primary tissue effect should be established, the most likely site would 
be the liver, since the compounds apparently do not alter carbohydrate 
metabolism in the periphery. An influence on the endocrine system exclusive 
bf the pancreas seems unlikely, for it has been shown that sulfonamide 
rypoglycemia occurs in hypofunction or absence of the pituitary and adre- 
nals;2: 1112, 14,17, 21-24 and the inhibition of thyroid activity noted by 
some! 17, 25-28 js slight and probably insignificant in the present connection. 
The results reported here seemingly are inconsistent with the generally 
bbserved failure of these compounds to lower glucose levels in the juvenile 
diabetic receiving reduced amounts of insulin.”* 728 


Summary 


z Carbutamide and tolbutamide regularly decreased levels of blood and uri- 
ary glucose in totally depancreatized dogs maintained with small doses of 


i Three of six animals died during or soon after administration of carbut- 


amide, two of them with toxic symptoms. 
_ The preponderance of available evidence indicates that, except for hypo- 
glycemia and glycogen storage, the known effects of insulin are not duplicated 


sulfonamide therapy, suggesting that the lowering of blood sugar observed 
ffects, probably in the liver, 


in these experiments is attributable to tissue e 
rather than to potentiation of injected insulin. 
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STUDIES CONCERNING THE ROLE OF THE LIVER IN 
THE HYPOGLYCEMIC RESPONSE OF ANIMALS 
TO TOLBUTAMIDE 


By William E. Dulin and Richard L. Johnston 
Research Laboratories, The Upjohn Company, Kalamazoo, Mich. 


Introduction 


The hypoglycemic activity of certain sulfonylureas in intact animals and 
normal humans, as well as in a large number of diabetics is well documented.'° 
The mechanism responsible for this action is still not understood, although 
several concepts have been advanced to explain it. 

The original observation® of a-cell destruction by these drugs, which led 
to the conclusion that they act by decreasing glucagon secretion, has not been 
confirmed.7-? Since they were found ineffective in severe alloxan diabetes,’ 
it seems unlikely that glucagon inhibition is an important factor in the hypo- 
glycemic action. 

A second theory, proposed by Mirsky et al.1* and by Williams," suggested 
that tolbutamide (Orinase*) and related drugs inhibited insulinase destruc- 
tion of endogenous insulin. Later information’® 1 indicated that this was 
probably not the principal action of these drugs in producing hypoglycemia. 

The sulfonylureas have been found to have effects on the liver that might 
be expected to result in hypoglycemia. At high concentrations they inhibit 
glucose-6-phosphatase’”: '§ and phosphorylase reactivation’? in vitro. In 
addition, a decrease in glucose-6-phosphatase activity is found in the livers 
taken from treated animals.!7 2° Others have reported that tolbutamide and 
related drugs inhibit the conversion of fructose to glucose in the liver, sug- 
gesting an inhibition of gluconeogenesis.”! 22 Supporting the liver site of 
action are the observations that showed that tolbutamide at hypoglycemic 
doses increases liver glycogen content in fasted intact animals.}?:?3 However, 
the role of inhibition of liver enzymes in the effects of these drugs on blood sugar 
is still uncertain, since nonhypoglycemic compounds can inhibit phosphor- 
ylase reactivation.’® Glucose-6-phosphatase activity is also depressed in 
livers from insulin-treated animals;!” the times of depression of blood sugar 
and of glucose-6-phosphatase do not correlate,!” and no effect on blood sugar 
is observed in severe alloxan diabetic or depancreatized animals.1°1% *®  Fur- 
ther, the concentrations required for a vitro inhibition of liver enzymes are 
considerably above the blood concentration required for an effect on blood 


sugar. 


The early work of Loubatiéres suggested that the activity of the sulfonyl- 
ureas on blood sugar was achieved by stimulation of insulin secretion by the 
Bcells.24 This theory has found recent support in a cross-circulation experi- 
ment2® and in those experiments involving the infusion of small doses of the 


- drug into the pancreatic artery.2® It has been observed also that the number 


* Registered trade-mark of The Upjohn Company for 1-butyl-3--tolylsulfonylurea. 
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of pancreatic 6 ceils is increased after treatment with one of these com- 
pounds.2” Tolbutamide increases the utilization of labeled C*4-glucose**: o 
in intact rats, which shows it to be similar in action to insulin. Opposing 
the 6-cell stimulation concept are differences observed in the action of tol- 
butamide and insulin on blood pyruvate?» ”? and on liver and muscle glycogen’ 
deposition.”* p 
In this paper we shall describe some experiments designed to study the 
relative importance of the pancreas and liver in the hypoglycemic response 
of animals to tolbutamide. This has involved principally a study of the 
effects of tolbutamide on blood sugar in hepatectomized animals and a further 
comparison of the effect of insulin and tolbutamide on blood sugar, and on 
muscle and liver glycogen when given under various experimental procedures 

and metabolic conditions. 
TABLE 1 | 


EFrects oF TOLBUTAMIDE ON BLoop SUGAR OF EvIsCERATED Rats INFUSED I.V. 
WITH INSULIN AND GLUCOSE 


: 
Blood sugar 
No. rats Treatment 


(mg. %) 
5 Insulin, 0.5-0.6 units/kg./hr. -+ glucose, 440 mg./kg./hr. 82.5 
6 Insulin + glucose + tolbutamide, 250 mg./kg. 84.5 


Effect of tolbutamide in eviscerated rats. Male rats obtained from the 


Upjohn colony were eviscerated following the method of Ingle and Griffith®? 


Methods and Results : 


after a 24-hr. fast while under anesthesia induced by intraperitoneal injection 
of cyclopal sodium (32 mg./kg.)* and a subcutaneous injection of phenobar- 


bital sodium (132 mg./kg.). The adrenals and kidneys were left intact. 


er 


Following the operation the animals were immediately connected to a con- — 
stant-infusion apparatus via the saphenous vein and were infused with 0.5 — 


to 0.6 units of crystalline insulint and 440 mg. of glucose per kg. of body 
weight per hour. One half of these animals received a 250 mg./kg. dosage 


of sodium tolbutamide subcutaneously. Exactly 4 hr. later they were bled | 


from the jugular vein, and blood sugars were determined in duplicate by the 
ferricyanide procedure.*! The temperature during the infusion period was 
maintained at 26.5 + 0.5° C. 

The average blood sugar of the eviscerated rats receiving insulin, glucose, 
and tolbutamide was 85 mg. per cent, as compared to 83 mg. per cent in those 
that received only the glucose and insulin (TABLE 1). Tolbutamide was there- 
fore ineffective in stimulating glucose utilization in the absence of two impor- 
tant blood sugar-regulating organs, the liver and the pancreas. 

Effect of tolbutamide in alloxan diabetic rats. In male rats obtained from 
the Upjohn colony and weighing 300 to 350 gm., alloxan diabetes was pro- 


“i 5-(1-cyclopenten-2-yl)-5-allylbarbituric acid sodium. 
} Tletin, Eli Lilly and Company, Indianapolis, Ind. 
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‘duced by intravenous administration of alloxan at a dosage of 42 mg./kg. in 
one rapid injection. These animals had been diabetic 4 to 6 months prior 
to this experiment. They were kept in regular wire cages on ad libitum 
Purina Laboratory Chow and tap water until ready for the metabolic experi- 
ments, at which time they were put into metabolism cages and cup-fed 13 cc. 
‘of liquid diet®? twice a day. Daily urinary glucose determinations were made 
by the ferricyanide method*! for each animal until sugar excretion became 
relatively constant for 7 consecutive days. After this control period, tol- 
butamide was administered orally by stomach tube immediately prior to 
each feeding for 1-week periods, a week being allowed to elapse between each 
dosage regimen. Each value given represents the average of 7 daily determi- 
nations. 

An experiment was also carried out to determine whether tolbutamide 
potentiated the effects of exogenous insulin on urinary glucose excretion in 
alloxan diabetic animals that had been previously found not to respond to 
‘tolbutamide. These animals were kept in metabolism cages and were 
adapted to force-feeding of 13 cc. of liquid diet twice a day. After 1 week 
of stabilizing on the force-feeding, each animal’s urinary glucose was deter- 
mined daily and, after the excretion became relatively constant for 7 days, 
“therapy was initiated. All animals were injected with 1 unit of crystalline 
‘insulin 2 times per day, and one half of these animals received tolbutamide 
(375 mg./kg.) twice a day with their food. 

Severely alloxan diabetic rats did not respond uniformly to tolbutamide 
‘with a decrease in urinary glucose excretion during three 1-week courses of 
treatment (TABLE 2). The slight changes in glucose excretion seen for some 
‘of these animals were not significant, since day-to-day variations could have 
been of that magnitude. It was of interest that the urine sugar of Rat No. ‘p 
' which was 3300 mg. for 24 hr. prior to tolbutamide treatment, was depressed 


TABLE 2 
EFrEects OF TOLBUTAMIDE ON URINARY GLUCOSE EXCRETION BY ALLOXAN 
Dr1ABETIC RATS 


——— 


a Excretion . _| Excretion . _| Excretion . _| Excretion 
~~ Rat ey prior to Excretion), trer drug Excretion), tter drug Excretion), trey drug 
ge pwcight | eet | OP 125 | with. | 08250) with | 07 390 |) with 
(gm.) ment* |™8- drug drawal* |™8- drug drawal* |™8- drug drawal* 
1 295 | 5.6 gm. | 5.8 gm. | 6.2 gm. | 5.6 gm. 6.6 gm. | 6.4 gm. | 6.2 gm. 
2 330 tf sal 6.5 7.3 6.9 TES 6.3 6.0 
3 272 5.6 5.0 6.1 5.3 6.2 4.9 6.3 
ea) 245 6.4 6.0 7.0 6.1 6.4 Sl 6.3 
me 5.292 |.5,1 50 6.7 6.3 6.8 5.8 5.8 
m6 | 291 | 5.4 5.3 5.1 5.6 6.3 5.1 5.7 
7 354 3.3 ike th 433 = _— — — 
_ Average 1-6 | 5.8 5:6 6.4 6.0 6.6 5.6 6.0 


__ * Mean of 7 daily determinations. 
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TABLE 3 
Errects oF INSULIN PLUS TOLBUTAMIDE ON URINARY GLUCOSE EXCRETION OF 
ALLOXAN DIABETIC RATS 


——e 


| 
Pretreatment | Urinary glucose 
Treatment Animals urinary while on 
glucose* treatmentf 
2:0 units:crystallinejmsulin=. >) eee ee 4 4.3 gm. 2.4 gm. 
2 units insulin + 375 mg. tolbutamide/kg.... 4 4.8 gm. 2.3 gm. 


— <= 


* Average of 7 daily determinations. 
+ Average of 4 daily determinations. 


by about 50 per cent during treatment. This animal, however, was con- 
sidered mildly diabetic and presumably still possessed functional 6 cells and 
the ability to secrete insulin. q 
When 2 units of crystalline insulin per day were given to alloxan diabetic _ 
animals that did not respond previously to tolbutamide, the glucose excretion 
values dropped approximately 50 per cent. When tolbutamide was given 
simultaneously with the insulin in this type of animal, there was no further 
drop in glucose excretion (TABLE 3). It can therefore be said that under these 
conditions tolbutamide does not potentiate the activity of exogenous insulin 
in the alloxan diabetic animal. ; ; 
Effects of tolbutamide on blood sugars of glucose-infused hepatectomized rats 
and dogs. Male rats obtained from the Upjohn colony, weighing 325 to 
350 gm., were prepared for hepatectomy by partially ligating (to the size of 
a 19-gauge hypodermic needle) the hepatic portal vein as close as possible to 
the liver and the inferior vena cava between the right kidney and liver. 
After preliminary experiments it was found that 4 weeks was sufficient for 
the establishment of sufficient collateral circulation for hepatectomy to be 
successfully accomplished. The animals were anesthetized by the intraperi- 
toneal injection of cyclopal sodium (32 mg./kg.) and a subcutaneous injection | 
of phenobarbital sodium (132 mg./kg.). The operation was carried out 
through a midventral incision following a 24-hr. fast, with care being taken 
not to sever the enlarged abdominal veins. Following the operation the ani-. 
mals were immediately connected to a constant-infusion apparatus via thet 
saphenous vein and were infused with 250 or 125 mg. of glucose per kg. a 
hr. in a volume of 0.9 cc. of water per hr. The vehicle-treated animals and 
the animals that received 400 mg./kg. dosages of subcutaneously injected 
sodium tolbutamide were paired exactly on a body-weight basis. The body 
weight at the time of hepatectomy ranged from 375 to 450 gm. During the 
infusion period the temperature was maintained at 26.5 + 0.5° C. At the 
end of 4 hours the animals were bled from the jugular vein, and blood sugar 
determinations were made in duplicate by the ferricyanide procedure.*!_ Ani- 
mals that became cyanotic in the posterior musculature during the experiment 
were discarded, since it was considered that they lacked sufficient collateral 
circulation established from the inferior vena cava. The success of the 
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= TABLE 4 
is EFFECTS OF TOLBUTAMIDE ON BLoop SuGARS OF HEPATECTOMIZED RATS 
Blood sugar (mg. %) 
Treatment 
Saline | Tolbutamide (400 mg./kg.) 

Glucose I.V. (25 mg./100 gm. body weight/hr.) 300 265 

289 232 

235 199 

Glucose I.V. (12.5 mg./100 gm. body weight/hr.) 84 60 

100 40 

WX 75 

125 106 

135 112 

’ 64 45 


——— 


hepatic portal ligation in the induction of collateral circulation was deter- 
“mined by whether the digestive tract became cyanotic at the time of hepatec- 
tomy after the hepatic portal vein was completely ligated. 

The dogs used for the hepatectomy experiments were healthy, young, 
mature mongrels of both sexes, weighing 19 to 29kg. Following a 24-hr. fast 
“they were anesthetized by intravenous injection of 250 mg. /kg. doses of bar- 
‘pital sodium* and 20 mg./kg. doses of pentothal sodium.t Hepatectomy 
“was accomplished in a one-stage operation following the method of Markowitz 
et al.*? This involved cannulation of the inferior vena cava through the liver 
and diaphragm, formation of an Eck’s fistula and then removal of the liver 
following ligation of the hepatic artery, portal vein, and bile duct. Blood 
samples were obtained from the jugular and glucose determined by the Folin- 
“Wu method.*4 The animals were infused via the femoral vein with 125 
_mg./kg./hr. of glucose in 17.5 cc. of water. Immediately after the operation 
sodium tolbutamide at 50 or 100 mg. /kg. was given intraperitoneally to 3 of 
these hepatectomized animals. Other hepatectomized dogs received only 
- glucose and served as controls. The data reported here were obtained only 
_ from those animals that remained in relatively good condition for the duration 
of the experiment. Blood sugar values for contro! and tolbutamide-treated 
 laparotomized dogs under identical anesthesia as that used in hepatectomy 
~ were included for comparative purposes. These dogs did not receive glucose. 

Subcutaneously administered tolbutamide in hepatectomized rats infused 
~ with glucose at 125 mg. /kg. consistently decreased the blood sugar (TABLE 4). 
“It is interesting to note that when glucose was given at 250 mg./kg./hr. the 
tolbutamide effect was not as great on a percentage basis as with the lower 
glucose load. However, it should be noted that the actual depression on a 
milligram per cent basis was slightly greater with the larger glucose load. 


_ * Diethylbarbituric acid. 
2 pet 5-Ethyl-5-(1-methylbutyl)-2-thiobarbiturate. 
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FicurE 1. Blood sugars of hepatectomized dogs infused I.V. with glucose at 125 
mg./kg./hr. 
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Ficure 2. Effect of intraperitoneally administered sodium tolbutamide on the blood 
sugar of hepatectomized dogs infused I.V. with glucose at 125 mg./kg./hr. 
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Ficure 3. Blood sugar of laparotomized anesthetized intact dogs. 
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Ficure 4. Effects of intraperitoneally administered sodium tolbutamide on the blood 
sugar of laparotomized anesthetized intact dogs. 
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The activity of tolbutamide in hepatectomized rats was confirmed in hepatec- 
tomized dogs. From FIGURE 1 we see that dogs that were infused with intra- 
venous glucose at 125 mg./kg./hr. had a slight elevation of blood sugar. 
Two similarly treated animals that received tolbutamide had a significant 
depression of blood sugar (FIGURE 2). It is interesting that the result in 
hepatectomized animals was of approximately the same magnitude as that 
obtained in laparotomized, anesthetized intact dogs that received no glucose 
infusion (FIGURES 3 AND 4). It is evident from these results on hepatecto- 
mized rats and dogs that tolbutamide is effective in animals without a liver, 
but with a functional pancreas. 

Analysis of effects of tolbutamide on muscle and liver glycogen in relation to 
the hypoglycemic response. The intact rats used in this study were males 
weighing 140 to 160 gm. Adrenalectomies were performed at a body weight 
of 140 to 160 gm., and these rats were maintained on 1 per cent sodium 
chloride drink and Purina Laboratory Chow 10 to 16 days prior to use. All 
animals were fasted 24 hr. prior to treatment. The sugars were administered 


intraperitoneally, tolbutamide orally, and insulin and hydrocortisone subcu- | 


taneously. Sucrose was used as a control for the glucose treatment. Glu- 
cose and the drugs were always given simultaneously. Blood samples were 


Cn «S| CONTROL 

St TOLBUTAMIDE 50 mg./kg. 
TOLBUTAMIDE 100 mg/kg. 
GS «TOLBUTAMIDE 250 mg./kg. 
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FicureE 5. Effects of oral tolbutamide on the liver and muscle (diaph 
and blood sugar of fasted intact rats 2 hr. after treatment. pede atc 
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Ficure 6. Effects of subcutaneously administered glucagon-free insulin on the liver 


and muscle (diaphragm) glycogen and blood sugar of fasted intact rats 2 hr. after treatment. 


obtained from the vena cava while the animals were under cyclopal sodium 


~ anesthesia, and sugar was estimated by the Folin-Wu method.*4 Tissue gly- 


cogen was estimated by the anthrone method*® on tissues removed immedi- 
ately following bleeding. The insulin* used in this study was glucagon-free 
and had a low zinc content. 

When tolbutamide was given to intact fasted rats there occurred an increase 
in liver glycogen (FIGURE 5) and a decrease in blood sugar, with no change in 
muscle glycogen. Glucagon-free insulin at doses that produced a depression 
of blood sugar did not consistently change liver glycogen deposition in intact 


animals, although there was an increase in muscle glycogen (FIGURE 6). 


Tolbutamide was found not to alter the liver glycogen or muscle glycogen 
in adrenalectomized animals, although there was a striking depression of 
blood sugar (FIGURE 7). When liver glycogen deposition was produced by 
glucose in adrenalectomized animals, both tolbutamide and glucagon-free 
insulin inhibited the increase in glycogen and also depressed the blood sugar 
(FIGURES 8 AND 9). It was seen also that tolbutamide did not influence the 


+ The glucagon-free insulin was kindly supplied by Otto Behrens, Eli Lilly Company, 
Indianapolis, Ind. 
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Ficure 7. Effect of oral tolbutamide on the blood sugar and liver and muscle (dia- 
phragm) glycogen of fasted adrenalectomized rats 3 hr. after treatment. 


muscle glycogen, while the glucagon-free insulin consistently increased muscle 
glycogen. 

Effects of constant infusion of small doses of insulin on muscle glycogen and 
blood sugar. Male rats of the Upjohn strain weighing between 220 and 240 
gm. were anesthetized with intraperitoneally administered cyclopal sodium 
(32 mg./kg.) and with subcutaneously administered phenobarbital (132 
mg./kg.). They were infused with an insulin solution so that each animal 
received insulin (Iletin), 1 unit/kg. in 0.5 cc. of saline over a 4-hr. period via 
the saphenous vein. During the infusion period the temperature was main- 
tained at 26 + 0.5°C. At the end of 4 hr. the animals were bled via the vena 
cava, the blood was oxalated immediately, and sugars were estimated by the 
Folin-Wu method.** Following withdrawal of the blood, the diaphragms 
were removed and glycogen determinations were made by the anthrone 
method.*® The data reported here are pooled from 2 different experiments. 
It is readily apparent (TABLE 5) that the 1 unit/kg. dosage of insulin, infused 


over the 4-hr. period, produced depression of blood sugar with no significant 
change in muscle glycogen. 


Discussion 


The failure of tolbutamide to influence glucose utilization in the eviscerated 
rat 1s In agreement with other reports !® *6 and implies that the liver and/or 
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GLUCOSE 39m./kg. |.P 
GLUCOSE 39m./kg.1.P + INSULIN 0.5 unit /kg. S.C. 


GMM“ GLUCOSE 3 gm/kg. |.P + INSULIN 1.0 unit /kg. S.C. 
0.9 
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BLOOD SUGAR mg. % 


, N 
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*No. of onimoals. 
Ficure 8. Effects of subcutaneously administered glucagon-free insulin on the blood 


sugar and liver and muscle (diaphragm) glycogen of intraperitoneal glucose-treated fasted 
adrenalectomized rats 2 hr. after treatment. 


the pancreas is required as a target organ for the hypoglycemic response of 
tolbutamide to be manifested. The inability of severe alloxan diabetic ani- 
mals to respond to this drug'®” suggests that functional 6 cells must be pres- 
ent to obtain a depression of blood sugar. The fact that hepatectomized 
dogs and rats that possess a pancreas with an intact blood supply respond to 
tolbutamide shows that the liver is not essential and minimizes the necessity 
of inhibiting liver insulinase or enzymes involved in hepatic glucose release in 
TABLE 5 


Errect or CONSTANT INFUSION OF INSULIN ON BLoop-SuUGAR AND MUSCLE 
(DIAPHRAGM) GLYCOGEN 


; ; Blood sugar | Muscle glycogen 

No. rats Treatment Gene. %) (or met weight) 
9 Saline (0.5 cc./4 hr.) 60 0.31 
iP) Insulin (1.0 unit /kg./4 hr.) 44* 0.37 


* Significant at 5 per cent level of confidence as tested by the t-test. 
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FicureE 9. Effects of oral tolbutamide on the blood sugar and liver and muscle (dia- 


phragm) glycogen of intraperitoneal glucose-treated fasted adrenalectomized rats 3 hr. 
after treatment. 


order to obtain a response. The failure of tolbutamide to potentiate insulin 
action in alloxan diabetic animals also indicates a lack of insulinase inhibition. 
Since this sulfonylurea is ineffective in the presence of the liver and the 
absence of functional 6 cells, but does exert its effect in the absence of the 
liver and the presence of cells, it seems apparent that the only organ abso- 
lutely necessary for the pharmacological effects of tolbutamide on blood 
sugar is the pancreas. These data support the concept that the principal 
action of this agent in producing a reduction in blood sugar is the stimulation 
of the secretion of insulin or some other hypoglycemic agent by the 8 cells of 
the pancreas. 

The above results do not resolve certain differences observed between the 
action of insulin and tolbutamide. It has been reported?* and confirmed in 
this paper that tolbutamide increases liver glycogen, but does not alter muscle 
glycogen in fasted intact animals, while glucagon-free insulin increases 
muscle glycogen with no change in liver glycogen. These differences might 
be interpreted to indicate that tolbutamide does not act in the same way as 
insulin and, therefore, has some action other than that of increasing insulin 
secretion that may be important in its hypoglycemic effects; for example, 


4 we 
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~ inhibition of enzymes of the liver, with a resultant decreased hepatic glucose 


output. The failure of tolbutamide to increase muscle glycogen suggests 
that it does not increase peripheral uptake and oxidation of glucose. 

Data bearing on these differences were obtained in the studies on adrenal- 
ectomized rats. In these animals tolbutamide produced a striking depres- 
sion of blood sugar with no change in liver glycogen. Therefore, this drug 
can produce a reduction of blood sugar with no increase in liver glycogen. 


This indicates that its effect on liver glycogen in intact animals is coincidental 


to the hypoglycemic action and is probably elicited through secondary 
mechanisms. The factors involved in the glycogen deposition effects seen 
in the fasted intact rat are not understood at this time, although it is possible 
that this is a result of adrenal stimulation. When adrenalectomized rats 
were given glucose to induce liver glycogen deposition, both tolbutamide and 
glucagon-free insulin inhibited the glycogen deposition. Therefore, the 


& effect on glycogen storage depends on other existing metabolic conditions 
and, in this case, tolbutamide and insulin produce the same response, which 
- js in agreement with the concept that tolbutamide increases insulin secretion. 


The difference in effect of insulin and tolbutamide on muscle glycogen 


_ deposition can be used as evidence that this drug does not act via insulin 
“secretion. This discrepancy could be due to the fact that insulin was 


administered by a single rapid injection, while the tolbutamide effects were 
prolonged and could have been causing a steady release of a small amount of 


insulin. This hypothesis is supported by the observation that constant 


intravenous infusion of a small dose of insulin can mimic tolbutamide by 


causing a significant depression of blood sugar with no change in muscle 


glycogen. These results suggest also that other observed differences between 


the action of tolbutamide and insulin could possibly be resolved by adminis- 
tering the insulin by constant infusion; for example, insulin increases pyru- 
vate and tolbutamide does not, while tolbutamide increases liver glycogen in 


fasted intact rats, and insulin does not. 


The results reported here and an increasing volume of published data 


strongly indicate that the principal activity of tolbutamide and other 


sulfonylureas is to stimulate the secretion of insulin or some other hypo- 
glycemic agent by the 6 cells of the pancreas. However, under certain 
conditions, these drugs can produce other actions that are probably secondary 
to their hypoglycemic effect through stimulation of insulin secretion. The 
observations supporting this conclusion are as follows: (1) tolbutamide and 
related drugs are active in intact animals, while they are inactive in the 
severe alloxan diabetic and depancreatized animals and humans, and in 
juvenile human diabetics; ® 1% 16 22 (2) the hypoglycemic action is manifested 


_ in animals without a liver; (3) the difference previously observed between the 


activity of tolbutamide and insulin on muscle glycogen may be due to the 
method of insulin administration; (4) insulin and tolbutamide decrease 
glucose-induced liver glycogen in adrenalectomized rats; (5) tolbutamide can 


produce a depression of blood sugar without altering liver glycogen in 


adrenalectomized rats, showing that the liver glycogen and blood sugar effects 
can be separated; (6) both tolbutamide and insulin have been found to 


i 
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increase oxidation of C1+-labeled glucose;”* 7° (7) infusion of hypoglycemic } 
sulfonylureas into the pancreatic artery at doses that are inactive when per- 
fused through other blood vessels produces a hypoglycemic response ;” 76 
(8) in cross-circulation experiments, blood from the pancreatic but not from 
the mesenteric vein of a sulfonylurea-treated donor causes a depression of 
blood sugar in the recipient -animal,?® and pancreatic vein blood from a 
treated normal donor can cause a hypoglycemia in alloxan diabetic recipient 
dogs;? (9) one of these drugs (carbutamide, BZ-55) increased the number of 
8 cells of the pancreas in normal animals.?7 


Summary 


Tolbutamide was ineffective in lowering the blood sugar of eviscerated rats 
or the urine sugar of severely alloxan diabetic rats, but was capable of 
depressing blood glucose in hepatectomized rats and dogs. In the adrenalec- 
tomized rat the effects of this drug on liver glycogen and blood sugar were 
not related, and it was suggested that the glycogen storage seen in the intact 
animals was due to secondary responses. Glucagon-free insulin and the 
sulfonylurea inhibited glucose-induced liver glycogen deposition in adrenal- 
ectomized rats; and the slow intravenous infusion of insulin was found to 
mimic tolbutamide in producing a decrease in blood sugar with no change in 
muscle glycogen. These observations, along with those of other investiga- 
tors, have been interpreted to mean that tolbutamide lowers blood sugar by 
the stimulation of the secretion of insulin or some other hypoglycemic factor 
by the @ cells of the pancreas. 
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THE MECHANISM OF ACTION OF THE HYPOGLYCEMIC 
SULFONAMIDES: A CONCEPT BASED ON 
INVESTIGATIONS IN ANIMALS AND 
IN HUMAN BEINGS 


By Auguste Loubatiéres 


Laboratory of Applied Physiology, Faculty of Medicine, 
Institute of Biology, Montpellier, France 


The majority of physiological or pharmacological substances are not char- 
acterized by a simple specific exclusive mechanism of action. In addition 
to the principal or preferential action there exist secondary effects which, 
depending upon experimental conditions or species, may become more 
prominent than the principal effect. Sometimes the secondary actions 
reinforce the primary one, and sometimes they are in opposition. Under 
certain circumstances the interrelationship between the primary and the 
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“secondary effects is so intricate that it is difficult to dissociate one from the 
other. 

The hypoglycemic sulfonamides are no exception to this rule; they have 
both primary and secondary actions. The emergence of one or the other 
depends upon the type of experiment (acute or chronic). It is the object 
of the physiologist or the pharmacologist to analyze and, if possible, to dis- 
sociate the observed effects. 

The data obtained in the last fourteen years permit us to present a plausible 
if incomplete concept concerning the mechanism of action of the sulfonamides. 

~ To begin with, let us consider the pharmacological data. Two types of 
substances have been studied in animals and in human diabetics, the thio- 

diazole derivatives, of which the initial compound was the isopropyl (2254 
RP, IPTD) and the urea series of which the original was carbutamide (BZ-55). 
“Tolbutamide (D 860) is a variant of carbutamide. When one arranges in 
“parallel the substances we have studied with the sulfonylureas, the similarities 
become evident (TABLE 1). The substitution of a methyl for the NH» 
group on the benzene ring does not modify either the pharmacological or 
the therapeutic activity. 

_ We shall consider the mechanism of the hypoglycemic action and then 
“the mechanism of the antidiabetic action of these materials. These two 
“properties were recognized between 1942 and 1946 by Loubatiéres, and they 
have since been confirmed by numerous authors using both series of com- 
‘pounds. In the second portion of this paper we shall discuss how the ideas 
‘derived from animal experimentation can be extrapolated to the diabetic 
“human. 


x Analysis of the Hypoglycemic Action of the Sulfonamides in Animals 


~ One important point is immediately evident: the fundamental role of the 
pancreas. The pancreas is indispensable to the hypoglycemic action; this 
effect does not occur in the totally depancreatized dog (FIGURE 1).1* “8 On 
- the other hand, if one leaves only a small quantity of pancreatic tissue in the 
“abdomen, the hypoglycemic action becomes manifest.-* In the hypo- 
_physectomized depancreatized dog, which is sensitized to hypoglycemia, the 


iy 


“sulfonamides do not lower the blood sugar.»  “ It is not the level of the 
“blood sugar, but rather the presence of the pancreas that conditions the 
hypoglycemic response to the sulfonamides. 

_ The endocrine glands other than the pancreas are not essential for the 
hypoglycemic effect; it can be achieved in the rat lacking the pituitary, 
adrenals, thyroid, parathyroids, and gonads (unpublished experiments). 
' The liver itself is not absolutely essential, since a certain degree of hypo- 
_ glycemia can be produced after acute hepatectomy.” % In one experiment 
we were able to show that the hypoglycemic action of 2254 RP or of carbut- 
amide was obtainable in the same dog, which was successively deprived of 
adrenals, thyroid and parathyroids, gonads, and pituitary (FIGURE 2). In 
_ this animal, during the course of postsulfonamide hypoglycemia, pancreatec- 
tomy interrupted the fall in blood sugar, and diabetes supervened.! 11 

- The ablation of some endocrine glands increases the hypoglycemic action. 
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FicurE 1. Hypoglycemic action of 2254 RP in the normal dog. Dose: 0.4 gm. per kg. — 


by mouth (P.O.) or by vein (I.V.). Note the lack of effect in the depancreatized animal 
(upper curve). 
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Ficure 2. Effects of 2254 RP, 0.2 gm./kg. I.V., on the blood sugar of a dog subjected 
successively to various procedures: (1) normal control; (2) after bilateral adrenalectomy; 
(3) after subsequent thyroparathyroidectomy and gonadectomy; (4) after total hypo- 


physectomy; and (5) after total pancreatectomy. Note the immediate interruption of the 
hypoglycemic effect of the drug by total pancreatectomy. 


This is the case after hypophysectomy and especially after adrenalec- 
tomy.**** 12-14 The toxic action of the sulfonamide and the degree and 
duration of the hypoglycemia increase after adrenalectomy. The adminis- 


tration of cortical steroids or of epinephrine protects the animals against the 
hypoglycemic action.4%-4 12 | 
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_Ficure 3. Hypoglycemic action of 2254 RP, 0.1 gm./kg., given intravenously in a dog 
under chloralose anesthesia. This animal was previously hypophysectomized, the vagi 
were cut, the carotids ligated, and the portion of the CNS anterior to the corpora quadri- 
emina was surgically removed. 


- Since the pancreas is implicated in the hypoglycemic action one must 
uppose that the sulfonamides activate the release of insulin from the islets 
of Langerhans, and one must study the mechanism of such release. 

_ The higher nervous centers do not seem to take part in this action.” cols ie) 
he dog we have destroyed the brain, from the frontal lobes to the posterior 
imit of the corpora quadrigemina. We then destroyed the midbrain, 
removed the pituitary, sectioned the vagi in the neck, and ligated the 
earotids (FIGURE 3). Despite these procedures, postsulfonamide hypoglycemia 
was still produced.’* '® A nervous pathway is therefore not involved. 

- On the other hand, a small dose of a sulfonamide injected directly into 
the arterial supply of the pancreas produces hypoglycemia, even though the 
lood sulfonamide level is low.** 17 Therefore, the excitation of the insulin- 
secreting cells occurs by a humoral pathway, and the sulfonamide itself is 
the agent directly responsible. 

It is possible that a local effect on blood vessels may contribute to the 
liberation of insulin, because there is an increased hyperemia of the pancreas 
after the administration of the drugs (unpublished experiments). The 
importance of this phenomenon is now under study in our laboratory. 

The £ cells of the islets seem to be the preferential site of action of these 
drugs. Histological and biochemical data are in favor of such a concept. 
The sulfonamides cause a relative degranulation of the 6 cells in acute or 
chronic experiments.'*?! — After chronic administration, there is hypertrophy 
of the islet system,* 22 new formation of 8 cells at the expense of the 
cells of the acini and of the ducts,® * ** and sometimes appearance of 
mitotic figures.1® 2! We think that these are signs of stimulation and 
of persistence of stimulation of the 6 cells. The sulfonamides produce , 
little if any lowering of the blood sugar in severe alloxan or pituitary dia- 
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betes.® 16 25,26 On ‘the other hand, in less intense diabetes, following the 
administration of alloxan, growth hormone, or cortisone, the sulfonamides 
produce hypoglycemia.* * 75? It appears, therefore, that the hypo- 
glycemic response depends upon the number of functioning 6 cells spareck 
by the diabetogenic substance. According to some authors the sulfonyl 
ureas lower the insulin content of the pancreas.*° : 
The hypothesis of destructive action of the sulfonamides on the a cells; 
promulgated first by a group of German authors,”® *'-*4 has lost much of its 
validity, if one judges by recent publications.'® ** According to this com 
cept, the sulfonamides damage the a cells to such a degree that the a:8 ratio 
that exists in diabetes is compensated for by destruction of the a cells. This: 
theory does not take into account the fact that glucagon has not been shown 
to be an anti-insulin substance under all conditions. It also does not take 
into consideration the experimental data that show that the sulfonamides 
compounds are inactive in severe alloxan diabetes, in which the a cells are 
preserved. Some of the above-mentioned authors have modified their 
initial viewpoint and admit that the sulfonylureas act by stimulating thet 
6 cells.?* # 
It is not impossible, however, that the sulfonamides act in some manner 
to stimulate the a cells and to liberate locally some glucagon(?), which ini 
turn facilitates the liberation of insulin. This is in accord with the fact! 
that in treated animals the glucagon content of the pancreas is not less than ini 
normals.*® Such a phenomenon is consistent with the fact that in mild 
alloxan diabetes the sulfonamides are hypoglycemic. . 
The hyperglycemic action of glucagon does not seem to be significantly; 
affected by the drugs.”® % 87, 37> However, in im vitro experiments using} 
hepatic tissues and very high levels of sulfonamides, an inhibition of glucagon! 
action was obtained.*® ; 
The mechanism of the action of these drugs on the @ cells is unknown, but: 
several hypotheses may be advanced. We may be dealing with a stimula-: 
tion of insulin secretion, a liberation of insulin from granules that retain thei 
hormone in the cell, an activation of insulin precursors, or an increased entry 
of insulin molecules into the circulation by reason of increased vascularity.’ 
One must remember, above all, that we are ignorant of the intimate physio-. 
logical mechanisms concerned with the elaboration and secretion of endoge-' 
nous insulin itself. t 
By means of cross-circulation experiments, one can detect the passage of 
a hypoglycemic substance liberated by the sulfonamides.” * 39 | 
It is also possible to show this by more simple experiments, for example: 
by the injection of small quantities of the drug into the artery of the uncinate 
portion of the gland or into the canal of Wirsung.!: ® * 17 We do not kno 
whether the properties of the endogenous insulin that is liberated are identical 
to those of insulin obtained by extraction. This endogenous insulin woul 
be liberated normally into the portal system and carried to the liver, which 
probably increases the efficiency and activity of the hormone. | 
. _ Itis possible to show in the normal and in the depancreatized dog a curious 
property of these sulfonamides—a potentiating effect on exogenous insulin 


| 


Loubatieres: Mechanism of Hypoglycemic Sulfonamides 197 
Percentage of initial value 


/ 
rem 


Chee Oat Oe belt. Le 


% Hours 


| FIcurE 4. Hypoglycemic action of insulin (I) and of insulin plus 2254 RP (I + S) ina 
depancreatized dog. Dosage: insulin, 0.5 units/kg. S.C.; 2254 RP, 0.25 gm./kg. given I.V. 
immediately before the insulin. 


(fIcuRE 4).*° 44 This action does not require the presence of the pancreas, 
but does require exogenous insulin. We have recently shown that it is 
possible to introduce a small quantity of active insulin into the blood stream 
of a normal or depancreatized dog by giving the animal, by mouth, a solution 
of glycerol containing a very large dose of insulin (10 units per kg. body 
weight). The administration of 2254 RP, carbutamide, or tolbutamide 
potentiates the effects of the very small quantity of insulin that has been 
absorbed (FIGURE 5).76 

_ These experiments show that the portal route is favorable to the action of 
insulin (which then acts directly on the liver) and also favors the potentiation 
by sulfonamides. These data are interesting from many points of view, 
especially with regard to the suggestion that these substances inhibit insu- 
Jinase.*2 4% 44 We are working with this program actively now, and it 
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a Ficure 5. Effect on the blood sugar of the depancreatized dog of orally administered 
insulin, 10 units/kg. (curve I), and of oral insulin given 3 hours after ingestion (time 0) of 
(2254 RP, 0.25 gm./kg. (curve IT). Each curve shows the mean value and the range. 
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seems probable that the liver plays an important role in the phenomenon of 
potentiation. ; , EB 
It may be that enzymes such as insulinase,*” located in the liver, which 
normally destroy insulin, are inhibited by the sulfonamides, and that this 
forms part of the mechanism of potentiation; but this factor is certainly not! 
the only one. In our experiments, high doses of sulfonamides were utilized: 
(0.25 gm. per kg.). One may question whether, when therapeutic concen+ 
trations such as those employed in humans are used, this anti-insulinaset 
activity intervenes at all or whether its role is very important. The sul-: 
fonylureas do not change the rate of degradation of labeled insulin in vivo, 
and substances that inhibit insulinase are not always hypoglycemic. More-. 
over, it has been shown that the sulfonamides did not seem to inhibit ag 
purified insulinase preparation. It appears to us that, if such a potentiation! 
exists, it may exercise its effect following the liberation of a small quantity; 
of endogenous insulin from the islets. The two mechanisms explain both} 
the rapidity of the fall of blood sugar and also its duration. 
Let us now consider the role of the liver in the hypoglycemic action of thet 
sulfonamides. Although the role of the liver in the mechanism of blood! 
sugar regulation is fundamental, the details are not allclear. It is no wonder: 
then that the mechanism of action of the sulfonamides on the liver is still 
confused. 
One important point stands out. Hepatectomy does not interfere with: 
the acute lowering of the blood sugar caused by the sulfonamides, provided’ 
the pancreas is intact. This demonstration favors a pancreatic and extra-. 
hepatic action of these substances. This does not mean that the sulfonamides: 
have no action on the liver, since the insulin that they liberate, or indirect! 
modifications produced by it, may exert some action on that organ. More-: 
over, one cannot exclude the possibility of some hepatic influence during: 
prolonged administration of a sulfonamide. 
The drugs do not exert evident toxic actions in the normal animal, but it is: 
possible that in pancreatic deficiency such a toxicity becomes overt, espe- 
cially after prolonged administration. This has occurred in some experi- 
ments. One can assert that these sulfonamides appear to be less toxic 
than synthalin. We may be dealing with some elective toxicity of one or 
another enzymatic system or cellular function. ; 
The sulfonamides seem to favor formation of glycogen in the livers - 
normal animals." * * 4% 47 This glycogen can be mobilized by epinephrine 
or by glucagon. We have always supposed that this glycogenogenesis was 
due to the liberation of small quantities of endogenous insulin into the portal 
system leading to the liver. 
It has been demonstrated that glucose-6-phosphatase*® 48: 49 and phos- 
phorylase*® could be inhibited im vitro by large concentrations of the sul- 
fonamides. Does this occur in vivo and, if it does, is it sufficiently intense to 
explain the rapidity of the observed hypoglycemia? If that were true why 
does the totally depancreatized dog not show a decrease in blood sugar? 
Why does hypoglycemia not occur when these drugs are administered to 
severely alloxan diabetic animals or in very severe diabetes in man? The 
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~ liver is present under all such conditions and contains the enzymes that 

_ should be inhibited; on the other hand, the number and functional capacity 

_ of the 8 cells are reduced as well. Finally, we are not sure that these enzy- 

' matic inhibitions are specific for the hypoglycemic sulfonamides. 

_ Some endocrine glands or their products are able to modify the hypo- 
glycemic action. We have shown that the administration of one of the 
sulfonamides does not interfere with the diabetogenic action of whole pitui- 

_ tary extracts” * and that the sulfonamide effect itself is modified so that an 
initial rise in blood sugar precedes a small fall.1® 16 It would be interesting 

_ to do these experiments with purified growth hormone. One may ask if the 

_ diabetogenic extract has not modified the reactivity of the islet cells. Epi- 
nephrine hyperglycemia is not inhibited by the sulfonamides.2® ** 87 [t is 
quite possible that the convulsive response shown by animals treated with 
these drugs depends upon an extra secretion of epinephrine and adrenocorti- 

~ cal hormones.!” It is also possible that the sulfonamides themselves depress 
nervous centers that are activated in the hypoglycemic state.?! 

_ We do not think that the action of the sulfonamides on thyroid function 
has any relation to the hypoglycemia, since thyroidectomy does not inter- 
_ fere withit.1° 1° There are no demonstrable actions on the parathyroids nor 

on the gonads.!® 15 

The effect of these drugs on the peripheral utilization of glucose has been 

- studied in various ways. In isolated muscle ° and in the eviscerated ani- 

- mal® %, %. 46 the drugs do not increase glucose utilization. They do not 

- elevate the R. Q. of the totally depancreatized animal.” If an insulinlike 

~ action is manifested in the normal animal, it is probably insulin itself that is 

- implicated. It should be remembered that contradictory results have been 

- obtained in relation to glucose utilization.°°5? These contradictory data 

_ have been obtained using various criteria, such as glucose tolerance, arterio- 

- venous glucose differences, levels of intermediates in the blood, or glucose 

- assimilation constants. The positive results are of value, since they have 

~ demonstrated that, if conditions are correct, the phenomena can be obtained. 

__ In all such experiments we are testing the effects of endogenous insulin, 

and we do not know its exact physiological actions. It is possible, for 

instance, that what we call endogenous insulin is a mixture of varying pro- 
portions of insulin and glucagon. The exogenous insulin, which we know 
better, may only approximate the physiological secretion. 


Analysis of the Antidiabetic Action of the Sulfonamides in Animals 


| By “antidiabetic action,” we understand the following type of phenome- 
“non. If one treats a moderately alloxan diabetic rabbit for several days 
_with large doses of 2254 RP, one hastens the disappearance of the hyper- 
glycemia and the glycosuria; at the same time its weight, which has been 
diminishing, stabilizes. The diabetes is ameliorated, and considerable 
metabolic improvement becomes manifest.* 5 4% %4 In some cases a 
_ potential diabetes remains and becomes overt when carbohydrates in larger 
amounts are administered. In other cases the diabetes disappears com- 
_ pletely. The same phenomenon can be observed in the dog, but is much 
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Ticure 6. Alloxan diabetes in the dog ‘‘cured”’ by large doses of 2254 RP (2.5 gm./kg. 
over 36 hours, divided into 4 doses). P = body weight in lb.; G = fasting blood sugar 
level or glycosuria/24 hr.; D = urine volume/2é4 hr. 


more difficult to achieve (FIGURE 6). The intimate mechanism of this 


manetieaetiah i inatdiatitiadeasiiilies 


amelioration or disappearance of the diabetes is under study. In the pan-— 


creas of animals ‘‘cured”’ of their diabetes we have seen new formation of 8 
cells.® 2% 2454 The most active substance in this respect is 2259 RP. 

Since it has been shown already that the pancreas is necessary for the 
action of these drugs, and since the gland is the seat of a lesion provoked by 
alloxan, it is reasonable to conclude that the improvement is due to an 


intrapancreatic action. Experimentally, a very small degree of insulin © 


deficiency is sufficient to elicit manifestations of the diabetic state; inversely, 
when the diabetes is mild, a small increase of insulin secretion will permit the 
alleviation of the diabetic state. It is therefore reasonable to suppose that 
the new formation of 8 cells augments the quantity of secreted insulin, 
thereby explaining the antidiabetic action observed. In some cases the 
effect is temporary, and the diabetic manifestations reappear progressively. 
It is also well established that if the alloxan diabetes is severe, no remission 
or improvement is possible. 


Conclusions from Animal Experiments 


We believe that acute administration of the sulfonamides acts primarily — 
on the £ cells to cause liberation of endogenous insulin. This insulin is — 
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— secreted into the portal vein and reaches the liver cells directly. Large 


doses of the sulfonamides potentiate the effects of exogenous insulin. This 
phenomenon may be due to an anti-insuiinase action in the liver, but this 
has not yet been specifically demonstrated. The chronic administration of 
the sulfonamides can cause a new formation of 8 cells, as well as a liberation 
of insulin from them. The metabolic benefit produced by these substances 
depends on the number of 6 cells that are not damaged or can be regenerated. 

The action of these drugs on enzymatic mechanisms in the liver concerned 
with insulin destruction or with sugar metabolism is not yet completely 
explained. These enzymatic inhibitions are manifest only after large doses 
of the drugs, and they may or may not be specific. A’stimulatory action of 
the sulfonamides on the adrenal glands may explain in some fashion the 
responses shown by treated animals to hypoglycemic convulsions. 


Hypoglycemic Action of the Sulfonamides in Human Diabetics 


In normal humans and in some diabetic patients the hypoglycemic action 


of the sulfonamides is easily observed.?® *!) 3%, 56 57 The hypoglycemia may 


require intravenous injections of glucose.**>§ Its manifestations are often 
insidious; we have compared them to those seen after large doses of depot 
insulin. If the low blood sugar persists for several hours in a fasting indi- 
vidual, central nervous system manifestations occur. The degree and the 
rapidity of the hypoglycemia obtained by a test dose of one of the drugs seem 
to be in accord with our knowledge of the insulin contained in the normal and 
diabetic pancreas. 

In the depancreatized human the sulfonamides do not lower the blood 
sugar.®!: 5%-61 Qn the other hand, in a hypophysectomized human who shows 
adrenal and thyroid deficiency, sulfonamide hypoglycemia can be produced. 

These drugs depress thyroid function temporarily,®* ** but even on con- 
tinued treatment this hypothyroid condition does not persist in most cases. 
The excretion of 17-ketosteroids and of 17-hydroxycorticoids is not changed. 
The effects of epinephrine and of glucagon are not modified 76s 5%,%5, 86 |oThie 
sulfonamides do not appear to exhibit much toxicity in the liver in the doses 
utilized clinically, since various tests of hepatic function are in general not 
depressed. It is important to reserve judgment about effects on the liver 
after very prolonged use of the drugs. 

Contradictory results have been obtained concerning the effects of the 
drugs on glucose tolerance. Some patients respond rapidly and in a favor- 
able manner, others only after many weeks.*? 

A potentiating effect on exogenous insulin has been observed in the diabetic, 
but the phenomenon is not constant. The response may depend on the type 


_ of diabetes and on the manner in which insulin and the drugs have been used. 


It is interesting to record that in some insulin-resistant patients the adminis- 
tration of sulfonamides has sometimes broken the resistance. 


Antidiabetic Action of the Sulfonamides Observed in the Human 


The antidiabetic action observed in human diabetics consists of a tempo- 
rary remission or an apparent cure of the diabetes for several weeks after the 
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cessation of treatment, with the restoration of a normal glucose balance. 
This phenomenon is relatively frequent in diabetics over 50 years of age, but 
it has been seen in younger individuals, particularly those with diabetes of 
recent onset. We have seen a girl of 15 whose parents and grand- 
parents died of diabetic complications, including coma, in whom 2254 RP 
given for 15 days seemed to cause a regression of diabetic manifestations for 
7 months (unpublished). Other authors have published similar observa- 
tions.®7-®9 It is true that, scientifically speaking, we should interpret such 
phenomena with reserve, but it does appear that, in such cases, the remission 
was due to 6-cell regeneration which permits the individual to enter a phase 
similar to the prediabetic state. It would be difficult to interpret these 
results as due to reversible chronic liver depression. The reappearance of 
diabetes after remission could be explained by extrapancreatic factors (pitui- 
tary, adrenals, thyroid) or intrapancreatic conditions (a cells?) which break 
down the provisional and precarious restoration of the glucose balance. 

We have made clinical trials using thiodiazole derivatives and the sulfonyl- 
ureas in 160 patients.” 55-57, 70,71 The thiodiazoles 2254 RP and 2256 RP 
appear to be less active than either carbutamide or tolbutamide, but 2259 RP 
(the tertiary butyl derivative) is at least as active and well tolerated as any 
of the urea compounds. 

We have divided our patients into three groups on the basis of their 
response to sulfonamides: 

The first group comprises the patients who have reacted favorably to the 
sulfonamide regimen. This group consists in general of patients of the lipo- 
plethoric type over 45 years of age.7?. These patients tolerate the diabetic 
state well, but need insulin because of glycosuria and complications. In this 
group the sulfonamides were generally able to replace 20 to 30 units of insulin 
(sometimes up to 70 units). The diabetic state was ameliorated, and trophic, 
cutaneous, and vascular complications were temporarily halted. After ces- 
sation of sulfonamide therapy, the complications reappeared at the same time 
as did the glycosuria. A second therapeutic trial led to another remission 


=p at 


(FIGURE 7). It was possible to do surgery in diabetics on sulfonamide ther- — 


apy alone. The diet was restricted to 150 gm. of carbohydrate per day. 

It should be noted that this first group of patients corresponds clinically to 
those with a pancreas containing many £ cells and an insulin content about 
50 per cent of normal.’* 74 In such patients, 2 hours after glucose the blood 
contains insulin at a level of 70 per cent of normal.7> All such individuals 
have a local deficiency of insulin in their pancreases, but their intracellular 
insulin appears to be difficult to mobilize. This phenomenon could be 
interpreted as a state of paresis of the £6 cells. 

One may ask whether the amelioration of some of the complications may 
not depend in part upon the bacteriostatic action of the sulfonamides. 

The second clinical group consists of patients who have not benefited from 
therapy. These are mainly young people, but some older diabetics are also 
included. Insulin treatment was obligatory because ketosis had appeared 
when the hormone was withdrawn. These patients belong to the group com- 
pletely deficient in insulin.”? The pancreases of such patients have few intact 
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Ficure 7. Diabetic patient, Mrs. M. Ch., 66 years old. Insulin therapy had been 
required for 3 years. Insulin withdrawal led to intense diabetes. The left portion of the 


graph shows the first period of sulfonamide therapy. The right side shows a second period 


of the same therapy. Between these periods the patient received neither insulin nor 
sulfonamide for 1 month. Ulcerations on the plantar portions of her feet disappeared when 


‘sulfonamides were given, reappeared during the interval between treatment periods, and 
- disappeared again during the second treatment. Her general health was excellent under 


this therapy, and her weight increased. G = fasting blood sugar;S = blood sulfonamide. 


6 cells, and the insulin content is close to 10 per cent of normal.7* 74 The 


blood of such patients contains little, if any, detectable insulin. In some 


cases in this group the sulfonamides actually intensify the diabetic state. It 
is true that in some young patients with diabetes of recent onset sulfonamide 


_ treatment has produced remissions, but these are rare instances. 


The third group comprises those patients who have benefited partially. 


It was possible to reduce but not completely to eliminate insulin. This par- 


tial benefit may be due to some liberation of endogenous insulin, to the poten- 
tiation effect, or perhaps to new formation of cellular elements in the pancreas. 

One sees, therefore, that in man as well as in animals the functional appa- 
ratus of the pancreas is linked intimately to the action of the sulfonamides. 
The B cells and their hormonal product play an important role in this action. 
This mechanism does not exclude other modes of action, but we believe it to 
be the most important. We shall accept other mechanisms when they are 
demonstrated. It is interesting to note that investigators of authority in the 


field, independently and also simultaneously with us, have seen that the effi- 


cacy of the sulfonamide treatment depends upon the type of diabetes (growth- 
onset or maturity-onset).7! 73 The validity of the theory which we have 


_ proposed and maintained can explain the state of our knowledge at present, 
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even though some of the effects are left unclear. This is for the future to” 
unravel. Certain reservations should be mentioned now. t 

(1) When one uses the sulfonamides for the chronic therapy of diabetes | 
mellitus, one must bear in mind the possibility that a decompensation and 
weakening of the 6-cell system may occur. With judicious adininistsa 
and good clinical indications, one would expect this to be a rare occurrence. | 

(2) As achemical group, the hypoglycemic sulfonamides are probably not 
devoid of toxicity. They may provoke sensitization; they may accumulate 
in various organs or tissues; and some enzymatic systems may be blocked in 
the course of long-term administration. It is also possible that some indi- 
viduals originally sensitive to their action may later become refractory. Such _ 
cases are extremely rare. 

The drugs under discussion are of interest for the study and for the possible» 
treatment of diabetes, and some of the results obtained in man are highly 
impressive. There is reason to feel that further research may develop a sub- 
stance having the essential property of the sulfonamides, but without certain _ 
of their inconveniences. We believe that these drugs have already been the — 
occasion of much valuable research in the physiology, pharmacology, and— 


pathogenesis of diabetes. One must reserve complete judgment in relation 
to treatment. : 
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S METABOLIC EFFECTS OF SULFONYLUREAS IN NORMAL MEN 
AND IN VARIOUS TYPES OF DIABETIC PATIENTS* 


By Stefan S. Fajans, Lawrence H. Louis, Allen R. Hennes}, 
Bernardo L. Wajchenberg{, Robert D. Johnson, Robert D. 
Gittler, Irving P. Ackerman, and Jerome W. Conn 


Metabolism Research Unit of the Division of Endocrinology and Metabolism, Department 
of Internal Medicine, University of Michigan Medical School, Ann Arbor, Mich. 


The studies described in this report were initiated in an effort to elucidate 
the mechanism of action of the sulfonylurea compounds. It seemed to us 
that a broad clinical investigative approach, involving the study of a large 
number of conditions in which the metabolism of carbohydrate is disturbed, 
was most likely to eliminate quickly a number of possible modes of action and 

to define more sharply the areas upon which further effort should be concen- 
trated. Thus, extensive metabolic-balance studies and numerous individual 
testing procedures have been performed before, during, and following the 
administration of carbutamide (BZ-55) and/or tolbutamide (Orinase$) in the 
following subjects: (1) healthy young men; (2) three middle-aged, obese, 
stable diabetics; (3) an unstable diabetic of normal weight; (4) a patient with 

_ lipo-atrophic diabetes; (5) a totally depancreatized woman; (6) patients with 
coexisting diabetes mellitus and Addison’s disease, familial diabetes and 
Cushing’s syndrome, and diabetes and panhypopituitarism; and (7) an acro- 
megalic with mild diabetes. 

Although the data reported below do not define a specific mode of action 
of the sulfonylurea compounds, they eliminate from consideration a number 
of important possibilities. 

Results 


Administration of the sulfonylurea compounds to normal men produces 
definite hypoglycemia. A single dose of either 3 or 6 gm. of tolbutamide 
given to 2 normal subjects in the fasting state produced decreases in blood 
sugar of 35 to 60 per cent. 

__Innormal subject D. M., administration of 6 gm. of carbutamide as a single 
~ dose on 2 consecutive days, followed by a dose of 314 and 4 gm. daily in 
divided doses for the next 2 days, produced a fall in the level of fasting blood 
sugar from 78 to 24 mg. per cent (r1cuRE 1). Subsequent administration of 
3 gm. daily in divided doses kept levels of fasting blood sugars fairly constant 


at about 60 mg. per cent. ; 
Im the same normal subjects, when the compounds were administered at 


* The work reported in this paper was supported by grants from The Upjohn Company, 
Kalamazoo, Mich.; Eli Lilly and Company, Indianapolis, Ind.; and Research Grant No. 
‘A-888 from the United States Public Health Service. 

+ Post-doctorate Research Fellow, United States Public Health Service. Present 
address: Medical Department, Brookhaven National Laboratory, Upton, N. Y. 
‘{ Latin-American Fellow (Sao Paulo, Brazil) of the American College of Physicians. 
i § The Upjohn Company, Kalamazoo, Mich. : 
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Ficurr 1. Effect of the administration of carbutamide (BZ-55) on fasting blood sugar 
in a normal subject. 
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Figure 2. Effect of the administration of tolbutamide on fasting blood sugar in a patient 
with diabetes mellitus. 


cages nanan 


Fajans ef al.: Metabolic Effects of Sulfonylureas 209 


~ GLUCOSE TOLERANCE TESTS GLUCAGON TESTS 
@=Contro! GTT @=Control glucagon test (!mg. LV. over 10 min. ) 
X=GTT after 9 days of tolbutamide X =Glucagon test after [Odoys of tolbutamide 
J.Y., DIABETES MELLITUS JY., DIABETES MELLITUS 


F v2 ' Wa S222 3 4 rs 20 30 45 60 99 120 
2 Hours Minutes 


‘Ficure 3. Effect of tolbutamide on glucose tolerance and hyperglycemia produced by 
ucagon in a diabetic patient. 


e same level of dosage, tolbutamide was less effective than carbutamide in 
educing the daily fasting blood sugar.? 

Ficure 2 demonstrates that administration of tolbutamide to a mild dia- 
etic produced a decrease in levels of fasting blood sugar from the hyper- 
lycemic into the normal range. 

- Ficure 3 shows that glucose tolerance was not altered in this patient by 
he administration of tolbutamide for 9 days, even though the fasting blood 
ugar was then in the normal range. Glucose tolerance was also not influ- 
snced significantly during the administration of sulfonylurea compounds to 
ealthy individuals.* 

- InFicure 4 we see that intramuscular administration of adrenalin produced 
the same rise in blood sugar in a normal male, whether given before adminis- 
ration of carbutamide or after the drug had effected a lowering of the blood 
sugar in the fasting state. Similarly, the hyperglycemic response to intra- 
yvenously administered glucagon was not blocked by administration of these 
drugs in normal subjects,! or in the diabetic patient (FIGURE 3). 

~ The sulfonylurea drugs did not potentiate the activity of exogenous insulin 
in normal males or in diabetic subjects. 

 Ficure 5 shows the results of insulin tolerance tests performed in a normal 
male. The solid line represents the ‘control insulin tolerance test. The line 
connecting the open circles shows the blood sugar curve obtained during the 
carbutamide period, but without administration of insulin.. Administered 
insulin at this time was no more effective than it had been before carbutamide 
had produced a hypoglycemic effect, as shown by the line connecting the 
crosses. 

_ Frcure 6 shows simi 
represents the results of 
depict the results of insu 
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Ficure 4. Effect of carbutamide on hyperglycemia produced by adrenalin in a norma 
subject. 
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FicurE 5. Effect of carbutamide (BZ-55) on an insulin tolerance test in a re 
subject. 


tolbutamide for 4 or 5 days, respectively. Again, no potentiation of insuli 
activity is demonstrated. . 

In addition, in 3 of our diabetic patients in whom the drugs did not produc 
a lowering of blood sugar, there was no difference in insulin requiremen 
whether the diabetes was controlled with insulin plus sulfonylurea or witl 
insulin alone. One of these 3 patients is the boy with panhypopituitarisn 
and diabetes, who is very sensitive to insulin and in whom any potentiatio: 
of insulin activity should have been very easily observed. 

That decreased function of the pituitary-adrenal system is not the mode o 
action of these compounds is indicated by the following observations: 

(1) No significant changes in renal excretion of 17-hydroxycorticoids o 
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Ficure 6. Effect of tolbutamide on an insulin tolerance test in a diabetic subject. 


“147-ketosteroids could be demonstrated in healthy men or in diabetic patients 
‘during the administration of the drugs.’ 

(2) There were no significant changes in the balances of nitrogen, sodium, 
‘chloride, or potassium on administration of the sulfonylureas.* 

_ (3) In the patient with coexisting diabetes mellitus and Addison’s disease, 
administration of tolbutamide reduced the level of fasting blood sugar from 
‘about 150 to 110 mg. per cent, despite constant replacement therapy with 
hydrocortisone and Qa-fluorohydrocortisone. Withdrawal of the steroids 
“for 2 days did not potentiate the hypoglycemic effect of tolbutamide in spite 
of the development of severe adrenal insufficiency.’ 

~ (4) In 5 nondiabetic patients with severe adrenal insufficiency, intrave- 
“nously administered sodium tolbutamide produced a similar hypoglycemic 
effect whether the patients were maintained on hydrocortisone and 9a-fluoro- 
hydrocortisone or with deoxycorticosterone alone. 

_ As shown in FIcuRE 7, the sulfonylurea compounds do not act by blocking 
the peripheral effects of adrenocortical steroids. Ata time when carbutamide 
_had produced a definite hypoglycemic effect, the administration of 100 mg. of 
_ Prednisolone for 2 days produced the same rise in fasting blood sugar and the 
“same loss of carbohydrate tolerance as when Prednisolone was given by itself. 
_ The sulfonylureas did not alter any of the metabolic changes produced by 
_ Prednisolone.* . 

The sulfonylurea compounds are not substitutes for insulin. Carbutamide 
_ had no effect in the pancreatectomized patient. In the unstable diabetic, 
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Ficure 7. Effect of Prednisolone on fasting blood sugar and glucose tolerance before | 
and during administration of carbutamide. 
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Ficure 8. Effects of intravenous administration of insulin and of sodium tolbutamide 
on the blood levels of glucose, pyruvate, and a-ketoglutarate. 
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withdrawal of insulin and administration of either carbutamide or tolbuta- 

mide resulted in hyperglycemia, glycosuria (which at times equalled the intake 

of carbohydrate), ketonuria, and negative balances for nitrogen, sodium, and 

potassium. 

_ FicureE 8 shows an example of the findings obtained during 8 intravenous 

insulin tolerance tests and 7 intravenous tolbutamide tests performed in nor- 

mal subjects. Hypoglycemia induced by intravenous administration of 

insulin was associated with an initial rise in blood pyruvate. In contrast, 

when hypoglycemia was induced by intravenous administration of sodium 

tolbutamide the earliest change in levels of blood pyruvate was a decrease.” 

These differences suggest that the immediate hypoglycemia induced by 
administration of insulin on the one hand, and of tolbutamide on the other, 

occurs via different mechanisms.” 

~ During oral administration of tolbutamide it was noted that, upon acidifi- 
cation of the urine to pH 5.2 or below, a precipitate appeared. At pH 3 pre- 
cipitation was fairly complete. Subsequently, a crystalline compound was 
isolated with a melting point different from that of tolbutamide. In coopera- 
‘tion with Struck, Wright, and Johnson of The Upjohn Laboratories, this uri- 
‘nary excretion product of tolbutamide has been identified as a carboxylic acid 
derived by oxidation of the methyl group linked to the aromatic ring (FIGURE 
9).3 

om When tolbutamide was administered to normal subjects at a level of 3.0 to 
6.0 gm./day, 70 to 80 per cent was excreted in the urine as this excretory 
“product. When 3 to 4 gm./day was administered orally to diabetic subjects, 
excretion as the metabolite ranged between 24 and 67 per cent. This material 
‘is very likely the principal excretion product of tolbutamide in the human." 
_ Intravenous administration of the pure tolbutamide excretion product as 
the sodium salt to 4 normal subjects and 1 diabetic patient in a dosage of 1 to 
3 gm. failed to elicit any blood-sugar-lowering effect. Oral administration 
of 6 gm. of the excretion product daily for 3 days in 4 divided doses to a normal 
‘subject likewise failed to influence the level of fasting blood sugar." 


Summary and Conclusion 


zs The data indicate that the sulfonylurea compounds do not (1) suppress the 
_pituitary-adrenal system, (2) antagonize the peripheral effects of adrenal cor- 
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ticoids, (3) block the hyperglycemic effects of glucagon and adrenalin, (4 
potentiate the activity of exogenous insulin, and that (5) they are not insulir 
substitutes. Thus, the blood-sugar-lowering property of these compounds i i 
achieved via another mechanism. 

The contrasting initial changes in blood pyruvate level associated wit 
hypoglycemia induced by insulin and tolbutamide, respectively, suggest that 
the sulfonylureas produce acute hypoglycemia by a mechanism other than th 
rapid release of endogenous insulin. 

When tolbutamide is administered, a carboxylic acid derivative of this 
compound is excreted in urine as a major excretory product. 
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EFFECTS OF TOLBUTAMIDE ON THE DIABETES OF 
ACROMEGALY AND ON THE BLOOD SUGAR IN 
PATIENTS WITH ALTERED ENDOCRINE STATES 


By D. M. Bergenstal, H. A. Lubs, L. F. Hallman, 
and J. A. Schricker 
ocrinology Branch, National Cancer Institute, N ational Institutes of Health, Bethesda, Md. 


Despite the recent numerous reports demonstrating the hypoglycemic 
ect of the arylsulfonylurea compounds, the mechanism of their action 
mains unknown. The experiments reported indicate numerous sites of 
tion; for example, the compounds have been reported to show an increase 
the secretion of insulin by the pancreas;! decrease in glucagon release, with 
struction of a cells of the pancreas; increase in anti-insulinase activity ;? 
d decrease in glycogenolysis, with decrease in the release of glucose from 
liver to the blood stream.* 
The studies presented in this report were undertaken to determine whether 
action of tolbutamide (Orinase*) was dependent upon alterations in the 
cretion of endocrine glands other than the pancreas and to ascertain whether 
e alteration of the body’s endocrine balance would give information as to 
mechanism of response to tolbutamide. 
The possible role of growth hormone as a factor in the production of 
betes mellitus in man is as yet unknown. In certain species of animals 
e administration of bovine growth hormone will produce severe diabetes 
ellitus. The clinical syndrome of acromegaly, which is characterized by 
1 abnormal increase in the growth of many body structures, frequently is 
ociated with diabetes mellitus.° The factors responsible for the diabetes 
ave not as yet been clearly delineated. The diabetes has been reported to 
é insulin-resistant, and at least one investigator has found increases in 
rculating insulin in the blood of such patients. Increased function of the 
drenal cortex has been implicated by other investigators.7 The growth 
iormone itself may have an anti-insulin action, either by peripheral inhibi- 
ion or by stimulating the production of increased amounts of plasma bound 
nactive insulin that will, over a prolonged period of time, result in exhaustion 
f the G cells of the pancreas and permanent diabetes mellitus. 
‘Attempts were also made to study the effect of tolbutamide in endocrine 
onditions that may result in a disturbed carbohydrate metabolism. Such 
Iterations in the patient’s endocrine balance as those caused by adrenal- 
ctomy, hypophysectomy, administration of excessive amounts of cortisone, 
\dministration of adrenocorticotropic hormone (ACTH), and hyperthyroid- 
sm were studied in relation to changes in carbohydrate metabolism following 
\dministration of tolbutamide. 
_ Although the results of these studies do not permit a definition of the mode 
-* The tolbutamide (1-butyl-3-p-tolylsulfonylurea) and amphenone (1,2-bis(p-amino- 
yheny]) 2-methyl-propanone-1) used were supplied through the courtesy of The Upjohn 
Sompany, Kalamazoo, Mich. 
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of action of tolbutamide, they provide observations that demonstrate clear 
the fact that tolbutamide may exert its hypoglycemic effect in the absen 
of, or without change in the function of, certain endocrine glands. Tr 
degree of the hypoglycemic response following tolbutamide may be alte 

with changes in the levels of certain hormonal substances in the body. 
7 

Methods 

The general plan of this study was to investigate patients with acromega 
associated with diabetes mellitus who were on metabolic balance studies 
other patients with altered endocrine states who were maintained on regul 
diet. Insulin therapy of the diabetic patients was withdrawn for the d 
tion of the study, and the patients were placed on a constant diet. Twenty; 
four-hour urine specimens were collected for the determination of t 
nitrogen,’ phosphorus,’ calcium,!° creatine, creatinine,'! e-amino acid nit 
gen,!2 glucose,?? sodium, potassium, and chloride. Periodic determinatio 
of blood! and urinary 17-hydroxycorticosteroids!® and urinary 17-ket 
steroids!® were performed. Blood sugars!* were obtained fasting and 2 hour 

postprandially. 
The other patients studied were hospitalized and maintained on a regula: 
diet. The adrenalectomized and the hypophysectomized patients wert 
maintained on cortisone. A group of special tests was performed during th! 
course of these studies, and each patient had one or more of these specia 
tests. The 5-hr. fasting test was performed by withholding breakfast ane 
determining the blood sugars hourly for 5 hr. Arterial blood was obtainec 
by finger stick in all tests. The fasting tolbutamide test was performed bx 
withholding breakfast, giving a 2-gm. oral dose of tolbutamide, and drawin; 
samples for blood sugars hourly for 5hr. The insulin tolerance test was don 
by giving intravenously 0.05 or 0.1 units of crystalline insulin per kilogran 
of body weight. The oral glucose tolerance test was performed by givin; 
100 gm. of glucose orally and determining the blood sugars hourly for 5 hr 
The intravenous glucose tolerance and intravenous glucose-insulin toler 
ance tests were performed by the injection of 25 gm. of glucose intravenoush 
over a 3-min. period; when insulin was also administered, it was given at; 
dose level of 0.05 to 0.1 units per kilogram of body weight at the end of thi 
glucose injection. Blood sugars were determined at frequent intervals up t 
60 min. after the end of the glucose injection. From these tests the pet 
centage of glucose disappearance per minute can be determined. The norma 
rate of disappearance is 3 to 5 per cent per minute, and a moderate diabeti 
would show a disappearance rate of about 2 per cent per minute.!7 
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RESULTS AND COMMENTS 
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Patients with Acromegaly and Diabetes Mellitus 
. . ? 
The first patient, C. R., is a 65-year-old white female who 10 years ag 


> 


noted gradual enlargement of her face, hands, feet, and tongue, which ove 
the past 10 years have progressively increased in size. In the last 3 year 
the rate of growth has been less than in the early stages of her disease. Sh 
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now has the full characteristic findings of acromegaly. Shortly after the 
nset of the acromegaly, she was found to have diabetes mellitus and was 
tarted on 60 units of protamine-zinc-insulin (PZI) before breakfast and 
10 units at bed time. Her diabetes was fairly well controlled on this insulin 
program; however, she continued to have occasional positive reactions for 
glucose in her urine. 

The patient was placed on a constant diet (calories, 1,281; protein, 74 gm.; 
fat, 61 gm.; carbohydrate, 109 gm.). Her insulin was withdrawn and she 
was permitted to come to equilibrium before administration of tolbutamide 
was begun. The patient was given 1 gm. tolbutamide orally twice a day. 
The course of her diabetes, as reflected by the changes in her blood and urine 
sugars, is shown in FIGURE 1. There was a prompt drop in the blood and 
urine sugar. It is interesting to note that, following discontinuation of 
tolbutamide, the blood sugars again rose, but not to the pretreatment levels. 
Following discharge from the hospital the patient has been maintained on 
2 gm. tolbutamide a day, but has not followed the recommended diet care- 
fully. She has done well, nevertheless, except for one period when a pulmo- 
nary infection resulted in exacerbation of her diabetes and necessitated 
insulin therapy for a period of one week. There has been no toxic manifesta- 
tion during the administration of tolbutamide. 

_ During the period of administration of tolbutamide there was a tendency 
to a more positive nitrogen balance, which became apparent near the middle 
of the course and persisted after discontinuation of the drug (FIGURE 2). 
‘This positive balance may indicate less catabolism of protein secondary to 
etter glucose utilization. The phosphorus balance was significantly nega- 
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tive during the pretreatment period and became progressively positive as t 
diabetes was controlled. This may have resulted from less protein catabo- 
lism or from more effective storage of glucose in its phosphorylated form. 
The explanation of the increasing positive calcium balance is not clear at this 
time. The effect of tolbutamide on the electrolyte excretion is shown in 
FIGURE 3; there seems to be no significant alteration in excretion of sodium, 
potassium, or chloride. 

There was observed no significant alteration of adrenal cortical function, 
as measured by blood and urinary 17-hydroxycorticosteroids and by urinary 
17-ketosteroids, during tolbutamide administration (FIGURE 4). Thus, in 
this type of diabetes, the hypoglycemic effect does not seem to be mediated 
through depression of adrenal cortical function. No other significant change 
in blood constituents during the administration of tolbutamide was noted, — 
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A fasting tolbutamide test demonstrated a decrease in the blood sugar of 
70 mg. per cent at the end of Shr. This test was performed 12 days after the 
tolbutamide had been discontinued and the hyperglycemia had returned 
(FIGURE 5). The 3 oral glucose tolerance tests are shown in FIGURE 5. 
Before the tolbutamide therapy there was a severe hyperglycemic curve, and 
in 2 subsequent tests, performed on the tenth day of therapy and 6 days after 
the discontinuation of tolbutamide, the curves were found to be lower than” 
the initial glucose tolerance curve and essentially equivalent to each other. — 
All the curves are quite abnormal, indicating a typical diabetic type of 
response. ‘The 3 insulin tolerance tests shown in FIGURE 5 reveal a relative : 
insulin resistance that was not corrected by tolbutamide. : 

Intravenous glucose tolerance tests (GTT) were done at a time when the 
diabetes was untreated and again on the fifth day of tolbutamide therapy. 
The daily dose of tolbutamide was 3 gm., given as a single dose in the morning - 
(rIcuRE 6). A markedly diabetic curve was observed in a pretreatment test _ 
and following a single 2 gm. oral dose of tolbutamide given 3 hr. prior to the 
intravenous glucose. The rate of disappearance of excess glucose was 1 per 
cent per minute in both tests. When 7 units of crystalline insulin was given 
along with the glucose, the glucose disappearance rate increased to 2.5 per 
cent per minute, a value less than would be expected in a normally insulin- 
sensitive individual, but still indicating a significant increase in glucose dis- 
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Ficure 6. Glucose disappearance rates. 


_ appearance over the control test. The test was repeated after the fifth day 
of tolbutamide therapy, when initial blood sugar values were significantly 
- lower than during the pretreatment test, and the rate of glucose disappear- 
ance was found to be 1.1 per cent per minute, essentially the same as before 
_ therapy. Thus, although the blood sugars are significantly lowered by oral 
_ tolbutamide, the rate of disappearance of excess glucose after a glucose load is 


not handled in the same manner as when exogenous insulin is administered 
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intravenously. 
The second patient, O. W., is a 66-year old Negro male, who noted 15 years 


ago a gradual increase in the size of his hands, feet, and lower jaw, and 


migrating pains in the joints and in the muscles around the joints. A diag- 
nosis of acromegaly was made, and an enlarged sella turcica was found. In 
1953 the patient received X-ray therapy to the pituitary and felt that the 
increase of the hand and foot size had halted, although the arthritic symptoms 
have progressed. In 1952 the patient had symptoms of polydipsia and poly- 
uria, and a diagnosis of diabetes mellitus was made. He was controlled with 
diet until the summer of 1954, when the hyperglycemia increased, and he was 
then given 15 units of NPH insulin daily. On his admission to the hospital, 
the insulin was discontinued and the patient was placed on a constant diet 
(calories, 2,602; protein, 123 gm.; fat, 114 gm.; carbohydrate, 271 gm.). 


During the period before balance studies were begun, he was given a number 
of glucose tolerance, fasting tolbutamide, and insulin tolerance tests. 


Two courses of tolbutamide, 1 gm. twice daily, and one course of amphe- 
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none, 1 gm. every 4 hr., were given to this patient. The results of these courses 
of therapy are shown in FIGURE 7. There was a prompt decrease in the fast- 
g and the 2-hr. postprandial blood sugars, which returned to a diabetic level 
vhen the tolbutamide was discontinued. The patient has now been ade- 
quately controlled for a period of 8 months on 2 gm. of tolbutamide a day. 
Jo toxic manifestations have been observed during administration of the 
rug. 
~ To determine whether the adrenal cortex may play some role in the diabetes 
mellitus associated with acromegaly, the patient was given a course of oral 
amphenone. Amphenone has been shown by Hertz et al.!8 to be an effective 
agent in suppressing adrenal cortical function. At the dose level used, 6 gm. 
a day, there was evidence of slight but significant adrenal cortical suppression, 
as reflected in a drop in blood corticoids and a possible small decrease in uri- 
nary 17-hydroxycorticoids (FIGURE 10). There did not appear to be any 
significant alteration in the course of the diabetes mellitus. 
The effect of tolbutamide and of amphenone on the mineral balance of the 
patient is shown in Ficures 8 and 9. There was no significant alteration in 
nitrogen metabolism during tolbutamide administration, but a positive nitro-_ 
gen balance was obtained during amphenone administration. A possible 
explanation for this could be a decrease in catabolism of protein secondary to 
a decrease in adrenocortical output. The a-amino acid nitrogen excretion 
is significantly elevated throughout the study. The elevated phosphorus 
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excretion following the first course of tolbutamide is most likely due to the 
administration of aluminum hydroxide, an antacid medication, which was 
given to the patient during the week following discontinuation of tolbutamide. 

No significant changes in excretion of sodium, potassium, or chloride were 
noted during the tolbutamide administration, but there was evidence of a 
sodium diuresis and a slight potassium retention during amphenone adminis- 
tration, with subsequent sodium retention and potassium loss in the post- 
treatment period (FIGURE 9). Recently, Liddle e¢ al.! and Renold et al.” 
have suggested that amphenone is capable of suppressing the secretion 0} 
aldosterone by the adrenal cortex, and the changes observed in the present 
experiment would be compatible with this suggestion. 

There was no significant change in the excretion of urinary-17-hydroxy: 
corticosteroids or 17-ketosteroids during tolbutamide administration (F1¢ 
urE 10). Although the B.M.R. and protein-bound iodine (PBI) were some 
what elevated, the uptake of radioactive iodine by the thyroid gland wa: 
within normal limits. The patient did not have the clinical symptoms o 
hyperthyroidism. 

A S-hr. fast resulted in a 27 mg. per cent drop in blood sugar. When 2 gm 
of oral tolbutamide was given at the beginning of the fasting period, th 
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I crease in blood sugar was 86 mg. per cent at the end of 5 hr. (FIGURE 11). 
e insulin tolerance test showed an insulin-resistant type of response and, 
yhen 2 gm. of tolbutamide was given orally at the same time as insulin, no 
reater decrease in blood sugar than that observed during the fasting tol- 
jutamide test was noted. 

- During the intravenous administration of 20 units of ACTH over an 8-hr. 
asting period, the blood sugar rose 27 mg. per cent. However, when 2.5 gm. 
‘tolbutamide was given orally at the beginning of the ACTH test, the blood 
sugar by the fifth hour had decreased 25 mg. per cent, but by the eighth hour 
vas 15 mg. per cent above the initial blood sugar. Thus, the decrease of 
30 mg. per cent observed during the fasting tolbutamide test was inhibited 
xy the simultaneous infusion of ACTH; that is, the increase in the adreno- 
sortical hormone production was capable of inhibiting the tolbutamide 
sponse. One possible explanation of this would be an increase in insulin 
esistance (FIGURE 11). 

_ The oral glucose tolerance curve was quite different following the adminis- 
ration of 2.5 gm. of tolbutamide orally. The patient had what appeared 
0 be a mild hypoglycemic reaction at the end of 4 hours, at a time when his 
jlood sugar was 65 mg. per cent (FIGURE 11). In all the cases studied with 
yral glucose tolerance tests, this was the only one in which there was a sig- 
ificant difference between the control glucose tolerance curve and the glucose 
olerance curve obtained after the administration of tolbutamide. 
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Patients with Acromegaly without Diabetes Mellitus 


The patient, O. C., is a 28-yr.-old female with active acromegaly. Thera 
was no evidence of diabetes mellitus as shown by the oral glucose tolerance: 
curve (FIGURE 12). No significant change in the oral glucose tolerance curv« 
was noted when oral tolbutamide was given. The insulin tolerance tes: 
revealed a relative insulin resistance, and the fasting tolbutamide test showec 
a progressive decrease in blood sugar, with a maximum drop of 30 mg. pe: 
cent at the end of 2 hours. When insulin and tolbutamide were giver 
together, as shown in FIGURE 12, the response was approximately the same 
as with insulin alone. Thus, the continuing progressive hypoglycemia seer 
during the fasting tolbutamide test was antagonized when insulin and tol- 
butamide were given together. This is similar to observations made in the 
rat by Lang and Sherry.” . 

Patients with Altered Endocrine States 


Hypophysectomy was performed on 2 patients in an attempt to contro 
metastatic carcinoma of the breast. These patients were maintained or 
50 mg. of cortisone acetate, including the day of the tests, and at no time dic 
they show evidence of hypoglycemia. Oral glucose tolerance tests were per: 
formed with or without the addition of 2 gm. of tolbutamide. One patient 
H. M., a 73-yr.-old female who had had a hypophysectomy 214 years before 
had a mild diabetic glucose tolerance curve that was not altered by tol 
butamide; the other, V. R., a 49-yr.-old female who had had a hypophysec 
tomy 6 months before, had a relatively flat oral glucose tolerance curve tha 
was not altered by administration of tolbutamide (r1cuRE 13). 

Two patients had had bilateral adrenalectomy, one for control of metastati 
carcinoma of the breast and the other for metastatic carcinoma of the prostate 
The female patient, M. W., who was maintained on 50 mg. of cortisone daily 
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showed a slightly lower glucose tolerance curve following the oral administra- 
tion of 2 gm. of tolbutamide (FIGURE 13). The essentially normal glucose 
tolerance curve, with failure to show increased sensitivity to tolbutamide 
that is shown by the adrenalectomized rat? is probably due to the cortisone 
replacement therapy. Similarly, a series of 50 cases in which oral glucose 
tolerance tests were performed before and after bilateral adrenalectomy and 
while the patient was on cortisone maintenance showed no difference ip 
response to a glucose load.?* } 

The patient who had adrenalectomy for cancer of the prostate had such 
severe bone pain that relief could be obtained only by increasing the cortisone 
to levels of 200 to 300 mg.a day. On these high doses of cortisone the patient 
developed a severe steroid diabetes. Despite the very high blood sugar, the 
fasting tolbutamide test produced a decrease in blood sugar of 85 mg. pel 
cent, as compared to a decrease of 60 mg. per cent during the fasting test 
This represents a minimal effect of the tolbutamide (FIGURE 13). When tol 
butamide was given at a dose of 3 gm. a day, the blood sugars appeared t 
level off, and when the tolbutamide was stopped, despite the use of insulin 
the blood sugars rose to very high levels. At this time, however, a septicemi 
had also developed. It is obvious that, at this dose level, tolbutamide wa 
unable adequately to control the steroid diabetes of this patient (FIGURE 14) 
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_ Patient H. H., a 58-yr.-old female with metastatic carcinoma of the breast, 
had had bilateral adrenalectomy and hypophysectomy and was maintained 
on 75 mg. of cortisone acetate daily. Three intravenous glucose tolerance 
tests were performed: one with glucose alone, one with 2 gm. of oral tol- 
butamide given 2 hours before the glucose, and another in which 2.5 units of 
insulin were given with the glucose. The glucose disappearance rates were 
determined; no significant difference between the control and the tolbutamide 
test was observed, while the insulin test showed an increase in glucose dis- 
appearance (FIGURE 15). This is further evidence that in this situation tol- 
putamide does not act as does exogenous insulin given intravenously. 

_ C. B., a 24-yr.-old male with hyperthyroidism, was studied in an attempt 
2 determine whether tolbutamide would block the uptake of radioactive 
iodine by the thyroid. Prior to tolbutamide, the 24-hr. uptake of radioactive 


jodine was 92 per cent and the B.M.R. was +27. The patient was placed 
on phenobarbital sedation for a week before tolbutamide administration was 
begun. Tolbutamide, 2.5 gm., was given orally daily for 6 days and, on the 
last day, the radioactive iodine uptake was 94 per cent and the B.M.R +18. 

Phere was no change in the clinical’symptoms of his hyperthyroidism. The 
oral glucose tolerance and fasting tests with and without tolbutamide are 
shown in FicurE 16. A point of interest is that the fasting curve was flat 
‘while, during the fasting tolbutamide test, there was a rapid drop in blood 
sugar in 1 hr. without subsequent decrease in blood sugar over the next 4 hr. 


DISCUSSION 


The data presented here do not reveal the mechanism or the site of action 
of tolbutamide; however, they do bring into focus the relationship of certain 
altered endocrine states to the hypoglycemic effect of tolbutamide. ——__ 


ra 


7 

The diabetes associated with acromegaly, as presented in two cases, wa 
adequately controlled with oral tolbutamide. There did not appear to b 
any evidence that overfunctioning of the adrenal cortex was responsible fo 
the diabetes or that tolbutamide produced any alteration in adrenocortica 
function that would account for its hypoglycemic action. Acromegaly is 
thought to be related to increased secretion of growth hormone by the pitui 
tary, but one can only speculate as to whether tolbutamide inhibits the action 
of growth hormone or activates bound insulin. Until growth hormone ca 
be measured in the blood or until an adequate supply of primate growth hor+ 
mone is available to test its hyperglycemic action and whether this hyper 
glycemic action may be modified by tolbutamide, the problem will remai 
unanswered. All three of the acromegalic patients showed mild insuli 
resistance. However, the tolbutamide did not appear to increase the ra 
of disappearance of excess glucose following an intravenous glucose load.| 
The blood phosphorus was not lowered during the administration of tol- 
butamide in these patients. 

These data, together with reports by others,?*: ?> 2° would indicate that thet 
intact pituitary-adrenal system is not necessary for the hypoglycemic effect! 
of tolbutamide. Nevertheless, the level of circulating adrenal steroids may; 
modify the degree of response to tolbutamide, as was revealed during the: 
intravenous ACTH test in patient O. W. 

There is no evidence that anti-insulinase activity of tolbutamide plays a: 
significant role in the response observed in these patients, for there was no! 
convincing evidence of potentiation of exogenous insulin. 

The per cent rate of disappearance of excess glucose following tolbutamide 
administration did not approach the rate observed following intravenous 
administration of exogenous insulin. Our data do not indicate that tol 
butamide, when given orally, is capable of stimulating to any considerable 
degree the secretion of endogenous insulin by the pancreas. However, the 
possibility of a prolonged secretion of a low level of endogenous insulin would 
be compatible with the observed results. Patient O. W. was the only subject 
in whom the oral glucose tolerance test seemed to be significantly altered by 
tolbutamide. These studies do not permit a statement as to the possible role 
of tolbutamide in decreasing hepatic glycogenolysis. j 
SUMMARY 
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Nine patients with evidence of altered endocrine states have been studied 
in regard to the hypoglycemic effect of orally administered tolbutamide. 
Two patients with acromegaly associated with diabetes mellitus were studied 
while on a metabolic balance regimen, and the diabetes was controlled with 
the oral administration of 2 gm. of tolbutamide daily. The hypoglycemic 
response occurred without significant alteration in excretion of urinary 
17-hydroxycorticoids and 17-ketosteroids. These findings would be com- 
patible with an increase in insulin secretion, with activation of bound circu- 
lating insulin, or with decreased hepatic glycolysis. 

The rate of disappearance of excess glucose with an intravenous glucose 
tolerance test following tolbutamide administration did not approach the 


tart 
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ate following intravenous insulin administration. This may be related to 
he route and rate of tolbutamide administration. Moreover, the effect on 
he release of endogenous insulin may be much less abrupt than a single 
atravenous dose of insulin and may produce a more prolonged release of 
isulin into the portal system. 

_ Steroid-induced diabetes was not adequately controlled in one patient by 
ral tolbutamide. 

The response to tolbutamide of 2 patients with adrenalectomy, 2 patients 
with hypophysectomy, and 1 patient with hypophysectomy and adrenalec- 
omy maintained on cortisone, would indicate that the adrenal-pituitary 
stem does not seem to be necessary for the action of tolbutamide. 
-Tolbutamide did not alter the elevated thyroidal uptake of I'*! in a patient 
ith hyperthyroidism. 

_ Although the results of these studies do not permit a definition of the mode 
f action of tolbutamide, they provide observations that clearly point out the 
‘fact that tolbutamide may exert its hypoglycemic effect in the absence of, 
rt without change in the function of, certain endocrine glands; however, the 
legree of the hypoglycemic response following tolbutamide may be altered 
with changes in the levels of certain hormonal substances in the body. 
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CLINICAL EXPERIENCES WITH THE 
SULFONYLUREA COMPOUNDS 


By Garfield G. Duncan, Charles T. Lee, and J. Kent Young 
Jefferson Medical College, Pennsylvania Hospital, Philadelphia, Pa. 


In our work with sulfonylurea compounds our objectives were: a clinical 
_ study of their capacity for correcting glycosuria and hyperglycemia; the 
~ establishment of a simple means of detecting those patients who were likely 
to be and those not likely to be benefited by them; and the establishment of 
an optimum regimen of timing and dosage of the drug, with observation of 


effects, favorable or otherwise, after its prolonged use. 


_ Determination of the exact mechanism, or mechanisms, by which sulfonyl- 
- ureas reduce glycosuria and hyperglycemia is the task of those equipped to 
_ do basic research on the problem. The critical clinician will not feel fully at 
ease in using these products and will continue to look askance upon them 
until these research problems are solved; until then he will view the com- 
_ pounds as necessary objects of research and not as products to be recom- 
_mended for widespread clinical use. 
Several methods have been used in the selection of patients favorably 
sensitive to carbutamide or tolbutamide. The first method proved satis- 
~ factory, but its completion required a minimum of 15 days. The study was 


3 divided into 3 consecutive 5-day periods, prior to which a reduction in the 
insulin was made to ensure that glycosuria and hyperglycemia would prevail 


5, during the control periods. Diet and exercise were constant. Quantitative 


determinations of the glycosuria for each 24 hr., and daily fasting and 2-hr. 


postprandial blood sugars were done. Following the initial 5-day control 


- period, 1.0 gm. of either carbutamide or tolbutamide was given every 6 hr. 


throughout the second 5-day period. The drug was withdrawn during the 
_ final 5-day period. The results shown in FIGURE 1 reveal a daily average of 
28.9 gm. of sugar in the urine in the first 5 days, 1.3 gm. daily while receiving 
the drug, and 9.8 gm. daily during the 5 days following its withdrawal. A 


favorable influence is also evident in the fasting and postprandial blood sugar 
_ values. Indeed, these effects carried over somewhat into the final 5-day 


~ control period. 
-_Incontrast to these results, FIGURE 2 illustrates the failure of a sulfonylurea 
~ compound to exert a favorable effect on the degree of, glycosuria in a young 


_ patient with unstable diabetes. - Indeed, as has been seen frequently in such 


a patient, the glycosuria during the final 5-day control period was increased 
__ appreciably over that of the first 5-day control period. 

A second method of study afforded an opportunity for observing whether 
or not tolbutamide was effective, how quickly it was effective, and whether 
its effectiveness in patients favorably sensitive to it persisted for at least 
© 8 br. 

In this study the diet was prepared in a single formula and was then 
divided into 12 equal amounts, 1 of which was consumed at 2-hr. intervals. 
233 
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FicurE 1. Favorable effect of carbutamide (BZ55) on the fasting and postprandial 
blood ‘sugar values and glycosuria under controlled conditions. (After Duncan, Joiner, 
& Lee. 1956. Metabolism. 5: 964). 
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Ficure 2. Failure of carbutamide (BZ55) to reduce the degree of glycosuria. In this — 
case the glycosuria increased following a 5- day course of carbutamide. 
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The lowering of the blood sugar value in the face of these repeated feedings 
was more significant, I believe, than it would have been had the study been 
done with the patient in the fasting state. Also, the failure of the blood 
sugar to increase under this demand within 8 hr., gave some promise that the 
drug would be a practicable therapeutic agent. 

_ In 2 cases, as indicated by the solid lines in FIGURE 3, 2 gm. of tolbutamide 
was without effect. Further observations with prolonged administration of 
the drug also failed to indicate any apparent effect in these 2 cases. This is 

not always so, however. The occasional patient who fails to respond favor- 
‘ably to an acute testing may, after some days or weeks of therapy, have a 
favorable response. 

Prompt effectiveness of tolbutamide is indicated in the 2 cases represented 
by the broken lines. Prolonged therapy was equally effective, even during 
‘the period when the drug was reduced to 0.5 gm. twice daily. 

- A.third method has proved least cumbersome and yet satisfactory in 

detecting the sensitivity of the patient to the therapeutic effectiveness of 

| these drugs. The patient is admitted to the hospital the evening before the 

“test and, on the following morning, the insulin is omitted, but the usual diet 

is given. After 7 A.M. each specimen of urine is examined for acetone. I, 
within 8 hr., appreciable amounts of ketonuria are found, as illustrated in 

- FicuRE 4, no favorable effects may be anticipated from the sulfonylurea com- 
pounds. If no ketonuria occurs within 24 hr., however, a favorable response 

" is probably certain, although the number of patients studied in this manner 

_ is still too small to permit a precise conclusion. 

At least 1 type of case, 3 instances of which we have studied, is an exception 

_ to this response. In these 3 cases, each involving a patient over 40 years of 

age, the insulin requirement exceeded 100 units, and ketonuria developed 
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Ficure 3. Effectiveness of tolbutamide in 2 cases (broken lines) and ineffectiveness in 
~ 2 other cases (solid lines). One twelfth of the day’s total diet was given at 2-hr, intervals 
- during the tests (after Duncan, Joiner & Lee. 1956. Metabolism. 5: 964). 
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Figure 4. The prompt appearance of a grade-4 ketonuria upon withdrawal of insulin, 
as illustrated, is an indication that the sulfonylurea compounds are not likely to be effective. 


promptly upon reduction of the dosage, although a great reduction of insulin 
was possible (FIGURE 5). Prior to the study, this patient required 140 units 
of insulin daily. When the insulin was reduced, first to 160 and then to 
60 units, a large glycosuria ensued. The administration of carbutamide was 
followed by a reduction in the glycosuria, and a hypoglycemic reaction was 
encountered. After more than a year of sulfonylurea therapy (1 gm. daily) 
the need for insulin has increased to 84 units daily, but the diabetes appears 
to be more stable than it was prior to this treatment. This is true also in the 
other two such cases observed. 

Observations have been made on 105 patients, a considerable number of 
whom were young, and in these cases the therapy was abandoned when a trial 
of a week or two revealed no favorable response. 


Of 49 public-clinic patients given a therapeutic trial on an outpatient | 


basis, 24 (49 per cent) experienced improved control of the diabetes while 
receiving carbutamide or tolbutamide. The elimination of insulin was 
tolerated without interfering with the control of the diabetes. There was 
some, but incomplete, response in 16 cases (33 per cent), and no response in 
9 (18 per cent). Being regular attendants at a diabetic clinic, these 49 
patients include a higher percentage with more severe diabetes than would 
be encountered in a cross section of the diabetic population. 


Prompt control of the diabetes with one of the sulfonylureas was no | 


guarantee that this state would continue indefinitely. Indeed, in at least 
one third of our patients glycosuria and hyperglycemia have returned after 
some months of uninterrupted therapy. It is not clear whether this has been 
due to the development of drug fastness, to the reduction of the dosage 


given, to the exhaustion of responsiveness to islet stimulation, or to decreased 
attention to the diet. 


a 
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FIGURE 5. Prompt loss of large amounts of sugar in the urine occurred when the dosage 
of insulin was reduced from 140 units daily to 60 units. Without altering the dose of 


- insulin, the addition of carbutamide was accompanied by an appreciable reduction of the 


degree of glycosuria. On the sixth day of this regimen, this patient had a hypoglycemic 
_ reaction. 


patients to the sulfo 


- on the control of diabetes was observed in approxima 


Side effects were infrequent. One mild case of exfoliative dermatitis was 


- observed following carbutamide therapy. After recovery, this patient had 


a recurrence of this disorder when tolbutamide was given. Urticaria occurred 
in one instance. In another case the drug was stopped because of abdominal 


" pain; this neurotic patient had the same ill effect from lactose given in cap- 


sules. A seventh-nerve palsy was observed during tolbutamide therapy. 
While recovery was prompt following withdrawal of the drug, the cause and 


effect have not been established. No hematological abnormalities have been 
noted. This may be because we do not give more than 1 gm. of tolbutamide 


daily. . 

Changes in weight have not been great. Of 24 patients receiving tolbut- 

amide, 8 have gained, and 9 have lost weight; in 7 there has been no change. 
In conclusion, short-term tests of value in predicting responsiveness of 

nylurea compounds have been presented. We realize 

that on the basis of these we may have eliminated from our studies some 

patients who might have derived benefit from prolonged therapy. 


Of 105 patients from a clinic and private patient series, a favorable effect 
tely two thirds. The 


.) 
4 
j 
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side effects so far observed offer no real contraindication to continued long- - 
term study of these compounds on a broad basis. ‘They are not substitutes ; 
for insulin, nor are they effective in the presence of ketosis or acute infections. 
This does not deny them, however, if they prove harmless, a place in the 
treatment for uncomplicated diabetes. 

At present, the only known advantage of these compounds over insulin is 
the convenience of oral administration. If we could assume that they are 
harmless, their ideal application would be in treating the obese diabetic who 
will not adhere to a reducing diet. In such cases, almost without exception, 
the treatment will control the diabetes but, in effect, may add to the degree of 
obesity, due to the cessation of glycosuria, unless some restrictions in diet are 
observed. ‘The ideal treatment for the overweight diabetic—and this means 
the majority of diabetics—may prove to be a combination of undernutrition 
and sulfonylurea therapy. In embracing a new and convenient therapy, the 
advantages of reducing the excess weight should not be overlooked; if the 
new drug encourages a continuance of the obese state, its advantages will be 
questionable. 

Tolbutamide has proved effective in controlling hyperglycemia and glyco- 
suria. Its field of application may involve two thirds of those patients with 
“adult developed” diabetes. Its side effects appear minimal, but full evalua- 
tion of this aspect must await further experience. Favorable effects are 
minimal, or absent, in those patients who have a severe form of diabetes, and 
are greatest in those patients who do not need insulin and for whom we have, 
in the undernutrition treatment, a more logical therapy. An appropriate 
combination of these measures—restricted caloric intake supplemented by a 
sulfonylurea compound—may provide a more favorable outlook for patients 
with mild diabetes. Much will depend, however, on whether or not apparent 
benefit is maintained indefinitely. 


CLINICAL EXPERIENCE WITH 
SULFONYLUREA COMPOUNDS 
IN DIABETES* 


‘By Alexander Marble and R. Camerini-Davalos{ 


The Joslin Clinic and the Baker Clinic Research Laboratory, 
New England Deaconess Hospital, Boston, Mass. 


_ Our experience with carbutamide and tolbutamide will be summarized 
from the standpoint of degree of control of hyperglycemia and glycosuria, 
untoward effects and, as regards carbutamide, the effect of long-term admin- 
istration on liver-function tests. In addition, our findings in children given 
a single dose response test will be presented and the results correlated with 


duration of diabetes. 
5 : Clinical Material 


—  Carbutamide. Our experience with carbutamide (BZ-55) began in Decem- 
ber 1955; from that time until the present we have used this preparation with 
450 selected patients with diabetes. Of this total number, maintenance 
~ studies have been carried out in 209 persons who have received the drug for 
_ 2 weeks or longer (TABLE 1). Since its withdrawal from clinical investiga- 
~ tion in October 1956, use of the preparation has been discontinued in almost 
all patients. Whenever possible, certain liver-function tests were carried out 
~ before finally stopping the drug. At present only 31 patients are receiving 
~ carbutamide, and in no case is the dose larger than 1 gm. daily. 


we TABLE 1 
EXPERIENCE WITH SULFONYLUREA COMPOUNDS 


No. of patients 


5 Carbutamide | Tolbutamide 
Zs Maintenance studies...........---- ee ee rece rete terete 209 195 
A Response test only... ..s.0eF.-- see c cee e renee eee ne es 195 195 
MT r1icient Catasc. oc gues title eteies Siesta etcine ese 4 16 27 
a “Discontinued because of untoward effects........--+--+-- 27 3 
z Discontinued for other reasons........0++- ++ essere? «3 — 
ea 450 420 
= 
hog 
ia In 195 persons, carbutamide was given on a single occasion at the time of a 


response test designed to ascertain the degree of fall of blood sugar in 4 hr. 
_ (vaste 1). Details concerning this response test have been published pre- 


ided by grants from The Upjohn Company, 


* The study reported in this paper was a 
Indianapolis, Ind. and the Warner-Chilcott 


Kalamazoo, Mich., Eli Lilly & Company, 

Laboratories, Morris Plains, N. J. : : 

+ Holder of a foreign fellowship, Eli Lilly & Company, Indianapolis, Ind. 
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TABLE 2 
LENGTH OF TREATMENT WITH SULFONYLUREA COMPOUNDS 
No. of Patients 

Months |- ee 

Carbutamide | Tolbutamide 
0-3.9 27 44 
4-7.9 SL 93 
8-11.9 107 58 
12-15.9 24 — 
209 195 


viously.!:? Findings in 16 patients maintained on carbutamide for less than 
2 weeks have been excluded. In 30 patients the compound was discontinued, , 
chiefly because of untoward effects. These data are shownin TABLE 1. The: 
length of time patients were maintained on the drugs is shown in TABLE 2. 
It will be noted that 107 patients took carbutamide for 8 to 12 months, and 
24 for 12 to 16 months. 

Tolbutamide. Our experience with tolbutamide (Orinase) extends from the 
last days of February 1956 until the present. During that time 420 selected 
patients have received this compound. As indicated in TABLE 1, 195 patients 
have been maintained on the preparation for periods ranging from 2 weeks to 
a year. A response test to a single dose was carried out in an additional 195 __ 
patients who were not maintained on the drug. Twenty-seven patients 
were excluded from the studies because of insufficient data and, in 3, the 
preparation was discontinued because of untoward effects (TABLES 1 and 2)5 


Results of Maintenance Studies 


Criteria of control. In order to evaluate the degree of control obtained 
with the sulfonylurea compounds, certain standards were chosen arbitrarily. 
These have been published before,! 2 but are repeated here in detail for the 
sake of clarity (TABLE 3). Briefly, however, they provide that control will be 
considered “good” if 70 per cent or more of “true”’ blood sugar values at 3 or 
more hours after food are 110 mg. per 100 cc. or below, and if the urine con- 
tains 2 gm. or less of sugar in 24 hours. For control to be judged as ‘‘fair,”’ 
70 per cent or more of “true” blood sugar values at 3 or more hours after. 
meals must be 130 mg. per 100 cc. or below, and the amount of sugar im the 
urine must be 5 gm. or less in 24 hours. Failure to meet these standards 
constitutes “poor control.” As indicated in TABLE 3, standards for blood 
sugar levels at 1 and 2 hours after food have also been set up. 


Degree of Control Secured 


Carbutamide. Using the standards just described, 61 per cent of patients — 
maintained on carbutamide were found to have good control of hyperglycemia — 


a 
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TABLE 3 
STANDARDS OF CONTROL* 


Degree of control} 


Relation to food Good Fair Poor 


Blood sugar{ | Urine sugar | Blood sugar{ | Urine sugar 
(mg./100 cc.) (%) (mg./100 cc.) (%) 


ees ae 110 Trace 130 0.1 
POG cn.- sss ss 150 ORS 180 0.5 All 
BE Co. 130 0.1 150 0.3 other 
ES ae oe one 110 Trace 130 0.1 cases 
e suvar in 24hr..... 2 gm. or less 5 gm. or less 


For the purpose of classification as to degree of control, 70 per cent or more of the values 
must conform with the standards listed in the table. 

“These standard values are the highest acceptable. 

t Glucose as determined by the Somogyi-Nelson procedure. 


‘Me 


| glycosuria. Nine per cent had fair, and 30 per cent poor control (TABLE 


olbutamide. Of 195 patients maintained on tolbutamide for 2 weeks or 
e, 52 per cent achieved good, 14 per cent fair, and 34 per cent poor control. 
is evident from a combination of the figures for good and fair control 
t 70 per cent of the patients on carbutamide and 66 per cent on tolbut- 
e could be considered to have achieved reasonably good success, par- 
ularly since the criteria as outlined in TABLE 3 are strict in comparison with 
he usual clinical standards employed with patients receiving insulin. How- 


TABLE 4 
RESULTS OF MAINTENANCE STUDIES 
Carbutamide Tolbutamide 
Results Patients Patients 
No % No % 
Goodfen ... os ' 128 61 102 11} 66 
Fair. 19 5} 70% ag | 14f°” 
BOOT aes teas sees 62 30 65 34 
299 100 195 100 
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ever, it is probably significant that the percentage of patients achieving goo( 
control was greater in the case of those on carbutamide. It is our impressiog 
that this compound is somewhat more hypoglycemic than tolbutamide. 
In 68 patients who had achieved good control of hyperglycemia while : 
carbutamide, the drug was discontinued. In 21 (or 31 per cent) of these t 
blood sugar remained at a normal level. A similar experience was reporteg 
following the discontinuance of tolbutamide in 31 patients who had achieve 
good control of hyperglycemia. In 12 (39 per cent) of these the blood sugai 
remained at or near the normal level. This experience emphasizes the fac 
that, in evaluating results of treatment with the sulfonylurea compounds i: 
middle-aged or elderly patients, due regard must be given to the effect af 
dietary restriction and long-continued control. However, the fact that in 
this small series 69 per cent of the patients on carbutamide and 61 per cent o¢ 
those on tolbutamide experienced a rise in the blood sugar level following diss 
continuance of the compounds emphasizes the active hypoglycemic characte 
of these drugs. 


Untoward Effects ] 


Listed in TABLE 5 are the untoward effects seen in patients receiving 
carbutamide and tolbutamide. Among 328 patients on carbutamide, there 
were 37 (9 per cent) in whom untoward sequelae were seen. It should be 
mentioned that among the 5 patients listed with “other” complications there 
were 2 in whom cerebral vascular accidents occurred and 1 who suffered ar 
attack of paroxysmal auricular tachycardia. It is extremely doubtful that 
these occurrences can be attributed to the sulfonylurea compound. The fre- 
quency of untoward effects was definitely high, however, particularly since 
they included 4 instances of jaundice. One of these patients died, as has 
been previously reported.!| This experience has re-emphasized to us the 

TABLE 5 : 
Untowarp Errects* 


a 


No. of patients 


Carbutamide | Tolbutamide : 


KIN Tashi Nata has ob. Wen ot oe 19 2 ( 
Nausea and/or vomiting........... i 
IDiAThDGAM etc. Rene te me ele 2 1 i 
Petniclice set, Sarco fer. Rea a lav 4 
Prolonged hypoglycemia.......... 2 
Other complications Jy)... <0. 5 

WINDERS ce MGR vee onic he 37 S) 

Pericentwor.totalse <2 os, ee 9 0.9 


*These data concern 328 patients on carbutamide and 314 on tolbutamide. Fron 
these were excluded 122 children on carbutamide and 106 on tolbutamide. 
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xecessity for making certain that the oral hypoglycemic agents are not 
yepatotoxic. 

Although tolbutamide is less hypoglycemic than carbutamide, experience 
-o date indicates that it is less toxic, as brought out in TABLE 5. Only 3 of 314 
matients experienced untoward effects, an incidence of only 0.9 per cent. 
From a clinical standpoint, no serious complication has been encountered 
hus far in patients receiving tolbutamide. 

No instance of leukopenia was encountered in patients taking either com- 
pound. In one patient on carbutamide who developed jaundice, moderate 
anemia occurred. Recovery took place on discontinuance of the drug. 


Liver-Function Studies 


Because of the instances of jaundice we have encountered and because of 
the possibility that the sulfonylurea compounds might exert their effect by 
action on the liver, late in the fall of 1956 we began to carry out liver- 
function tests with patients on carbutamide. Unfortunately, no control 
or base-line studies had been done on these patients. In order that our 
retrospective study might have significance, we have made use of data 
collected by Bradley, Sagild, and Schertenleib of our group,* and have carried 
out similar liver-function tests on 44 diabetic patients of comparable age, 
sex, and duration of diabetes. Both in the series of Bradley et al. and in our 
recently studied group, no patient with frank liver disease has been used as a 
control, although subjects have not been excluded simply on the basis of a 
palpable liver. 

_ The liver-function tests included in the study were the following: van den 
Bergh, 1-min. direct, indirect, and total; thymol turbidity and flocculation 


TABLE 6 
RESULTS OF LiveR-FUNCTION TESTS 


Cephalin | 
ae van den Bergh Thymol Hoeeularion Alka- 
; Brom- | line 
ce Type = ef aa sul- | phos- 
pabicct ons ; I falein | pha- 
Bees ae In- | Total | Turb. | Floc. | 24-hr. | 48-hr. tase 
direct | direct 
0.4 O Gets 304 2+ 2+ 2+ 5 4.8 
Percentage of subjects with abnormal results 
Bradley con- Cuca eeoce. Or 8.f., 058 255 10.8 | Not 
B. trol series done 
trol series... (0) 0 2 tf 0 0 0 12 15 
 Carbutamide 
mee Series;..... 0 1 On Seal 1 6 26 30 
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tests; cephalin flocculation test, with reading at 24 and 48 hr.; bromsulfale¢ 
(BSP) test, using 5 mg. of dye per kg. of body weight and taking the fing 
blood sample at 45 min.; and alkaline phosphatase (Bodansky). 

In TABLE 6 are shown the values chosen as the upper limit of normal wii 
each test, and the percentage of abnormal values found (1) in the Bradleé 
control series, (2) in the present control series, and (3) in the carbutamid 
series of 81 patients. It is evident that the findings in the van den Bergh tet 
showed less deviation from the normal in the carbutamide series than in tk 
two control series. In the thymol tests there was no significant differena 
between the incidence of abnormal values in the carbutamide series as com 
pared with the present control series. There was a slightly higher incidena 
of positive cephalin flocculation tests at 48 hr. in the carbutamide series ¢ 
compared with the control series, but this was not striking. The chia 
interest centered, therefore, about the results of the bromsulfalein and tk 
alkaline phosphatase tests. Regarding the former, 26 per cent of thl 
patients in the carbutamide series showed abnormal results, as compare 
with 10.8 per cent in the Bradley control series and 12 per cent in the preser 
control series. In the alkaline phosphatase test, 30 per cent of the carbut 
amide patients showed abnormal results, as compared with 15 per cent in thl 
present control series. Alkaline phosphatase tests were not included in thi 
studies of Bradley et al. 

The data were analyzed further as to the percentage of patients wit! 
abnormal liver function tests after varying periods of time: up to 4 mo: 
4 to 8 mo., 8 to 12 mo., and 12 to 16 mo. The results are shown graphicall: 
in FIGURES 1 and 2. 

From FIGURE 1 it is evident that there was a tendency toward progressiv: 
impairment of function with the passage of time, as seen in the results of th 
bilirubin, thymol turbidity, and cephalin flocculation tests. However, th 


= 

= 

o TOTAL THYMOL CEPHALIN 
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FIGURE 1. Percentage of patients with abnormal results in liver-function tests followin 
the administration of carbutamide for periods up to 16 months. Note that, when com 
pared with the results in control subjects, no important differences are apparent except i 


the cephalin flocculation tests carried out in patients who had taken carbutamide fe 
8 to 12 months. 
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Ficure 2. Results of bromsulfalein and alkaline phosphatase tests of liver function in 
patients receiving carbutamide up to 16 months. Note that with long-continued adminis- 
tration there is a tendency toward an increasingly higher percentage of persons with 
abnormal findings. 


results were somewhat erratic; for example, in the cephalin flocculation test, 
27 per cent of 24 patients who had received carbutamide for 8 to 12 mo. had 
abnormal tests, whereas no abnormal findings were seen in 14 patients who 
had received the drug for 12 to 16 mo. 

The analysis of data obtained in the bromsulfalein and alkaline phos- 
phatase tests (FIGURE 2) yielded findings that appear to be of more signifi- 
cance. It is evident that there was a definite tendency toward a higher per- 


“centage of abnormal results in patients who had received carbutamide for 


longer periods of time. The patients tested included 22 who had received 
this drug for 8 to 12 mo. Among this group 7 (31 per cent) had abnormal 
bromsulfalein tests, and 6 (27 per cent) had abnormal alkaline phosphatase 
tests. Of the patients who had received the drug for 12 to 16 mo., 15 were 
studied with the alkaline phosphatase test and 14 with the bromsulfalein 
test (1 patient did not have the latter test). In each instance there were 7 
patients with abnormal results, or 46 per cent in the alkaline phosphatase, 


and 50 per cent in the bromsulfalein test. 


_ From these results it would appear reasonable to conclude that in the long- 
term administration of carbutamide, even in low dosage, a significant per- 


centage of individuals experience impairment of liver function, at least insofar 


alkaline phosphatase. On further study, 


PRA 


as such impairment ss reflected in bromsulfalein retention and in elevation of 
however, one finds that the situa- 
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tion is less straightforward than would appear at first. Thus, when ‘ 
examine in detail in individual patients the trend of results with continue 
administration of the drug, we find that in certain patients, with the passa 
of time, even though abnormal findings were obtained several months aft ; 
the beginning of treatment, the degree of abnormality does not rise; in fac 
it might fall or a normal condition might be attained. The effect is n 
unlike that reported recently by Dickes et a/.‘ in studies of patients receivin 
chlorpromazine over long periods of time. One can only speculate as t 
whether this represents an adaptation on the part of the liver toward . 
foreign agent. 

Similar studies of liver function are in progress in patients who hay 
received tolbutamide. These data are as yet incomplete, particularly sine 
there are available relatively few patients who have had the compound fo: 
more than 9 months. The results will be reported at a later date. 


Mode of Action of Sulfonylurea Compounds 


In an attempt to throw light on the question as to the site and mode o 
action of the sulfonylurea drugs, studies were carried out on 228 childrer 
with diabetes of varying duration. The children were given single doses ob 
1.5 to 3.0 gm. of carbutamide (122 cases) or tolbutamide (106 cases) in the 
fasting state, and the capillary blood sugar was determined before and at 2 
and 4 hr. after administration of the sulfonylurea compound. On the basis 
of previous experience,’ * a fall of blood sugar at 4 hr. of more than 20 per' 
cent, when compared with the initial value, was considered a satisfactory 
result. | 

The data have been reported in detail elsewhere,® but the correlation 
between the percentage of patients with a satisfactory fall in blood sugar and 
the duration of diabetes is shown in FIGURE 3. It is striking that, of 10 
patients with duration of diabetes of less than 6 months, 9 (90 per cent) 
showed a satisfactory fall. Of 11 patients with duration of diabetes of 6 to 
12 months, 63 per cent showed a satisfactory fall. In contrast to this, of 90 
patients with diabetes of 5 or more years’ duration, only 6 per cent showed 
a satisfactory fall in blood sugar. 

It is generally accepted that patients with juvenile diabetes of 5 or more 
years’ duration possess little or no capacity for the production of insulin. 
the other hand, in children with diabetes of recent onset, temporary remis- 
sions occur occasionally, thus indicating some capacity for insulin production 
at that stage of the disease. Therefore, it would appear reasonable to postu- 
late that the sulfonylurea drugs in single doses are hypoglycemic in children 
with diabetes of recent onset, and are ineffective in children with diabetes of 

long duration because, in the former group, a pancreas capable of at least 
partial function is present. 


Summary 


(1) Experience is reported with 450 selected patients with diabetes who 
received carbutamide and 420 who received tolbutamide. Of these, 209 were 
maintained daily on the former and 195 on the latter for periods ranging from 
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PER CENT OF SUBJECTS WITH 
BLOOD SUGAR FALL OF MORE THAN 20% 
ol 
(@} 


UNDER O.6— "I-19 2-29 3-39 4-49 OVER 
One 0.9 . 5 
DURATION OF DIABETES —YEARS 


7 4 Ficure 3. Relationship of fall in blood sugar to duration of diabetes, as determined in 
223 children 4 hours after a single dose of carbutamide or tolbutamide. The figures in 
| parentheses indicate the numbers of subjects at each interval of duration of diabetes. 
“Thus, 90 per cent of 10 children with a duration of diabetes of less than six months showed 
‘a fall in blood sugar of more than 10 per cent, whereas only 6 per cent of 90 children with a 
tion over 5 years responded positively (from Marble®). 


2 weeks to 16 months. Maintenance for 8 months or longer was carried out 
in 131 patients with carbutamide and in 58 patients with tolbutamide. 
(2) Good control of hyperglycemia and of glycosuria was obtained in 61 per 
“cent of selected patients on carbutamide. In an additional 9 per cent the 
“degree of control was fair. ‘The corresponding figures for those patients on 
“tolbutamide were 52 and 14 per cent, respectively. 

(3) The incidence of untoward effects was 9 per cent in 328 patients receiv- 
ing carbutamide and 0.9 per cent in 314 patients receiving tolbutamide. 
Four patients on carbutamide developed jaundice, and one of these died. No 
“instance of leukopenia or agranulocytosis was encountered. 

(4) Certain liver-function tests were carried out in patients who had received 
- carbutamide for long periods of time. The chief abnormalities were noted 
“in the bromsulfalein and alkaline phosphatase tests. Twenty-six per cent 
showed abnormal bromsulfalein retention as compared with values of 10.8 
“and 12 per cent, respectively, in two control series. In the alkaline phos- 
" phatase test, 30 per cent of the carbutamide patients showed abnormal results, 


. 


as compared with 15 per cent in the control series. ‘There was a tendency to 
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an increasingly greater incidence of abnormal results with continued admi n 
tration of the drug. 

(5) In response tests to a single dose of both compounds carried out i 
228 children with diabetes, it was found that, of 10 patients with duration ¢ 
diabetes of less than 6 months, 90 per cent showed a satisfactory fall in bloo 
sugar level. In contrast to this, only 6 per cent of those with duration c 
diabetes of 5 or more years showed a satisfactory response. These findin 
appear consistent with the thought that the presence of insulin, or of a pa 
creas capable of producing some insulin, is necessary for the hypoglycemi: 
effect of the sulfonylurea compounds. 
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THE USE OF TOLBUTAMIDE IN THE MANAGEMENT 
OF ADULT DIABETES* 


By Sol Sherry, J. Lester Zeffren, Abe E. Braverman, 
and Norman W. Drey 


Medical Section, The Research Institute of the Jewish Hospital of St. Louis, ant the 
Department of Medicine, Washington University School of Medicine, St. Louis, Mo. 


It is the purpose of this report to describe our clinical experience with tol- 
butamide (Orinase) in the management of the adult diabetic patient. 


Methods and Results 


Observations have been made on 75 adult diabetics, ranging in age from 

23 to 74, who have been maintained on oral therapy for periods of 1 month to 
1 year. Fricure 1 describes the duration of tolbutamide therapy in the 
‘patients under study. It will be noted that therapy has been discontinued 
- in 11 patients: 9 within the first month; 1 at the end of 3 months; and 1 at the 
“end of 9 months. Three patients have been lost to follow-up: 1 during the 
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A Ficure 1. Duration of tolbutamide therapy in 75 patients with diabetes mellitus. 


x bers month, and 2 during the third month. There are 61 patients still on 
tolbutamide therapy. The average duration of observation in this group 1s 


* The work on which this paper is based was supported in part by a grant from The 
A Upjohn Company, Kalamazoo, Mich. The tolbutamide used in this study was Orinase, 
3s ‘from The Upjohn Company. Our preliminary observations with this agent were reported 
in Metabolism, vol. 5, p. 911, 1956. 
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TABLE 1 
RESULTS OF TOLBUTAMIDE THERAPY IN 75 ADULT DIABETICS } 
— 

: 

Initial Long-term* 

Response 

No. % No. % 

Good; fo7.8.se-2 aeo 68 40 56 

Partial Ss eran 13 17 18 25 

INOHEGs cetieue eter 11 15 14 19 


* 3 patients lost to follow-up. 


6 months, but 31 of the patients have been observed for 6 months or longer. 
Some of the patients were originally observed in the hospital, but subse- 
quently have been followed as outpatients, while the rest have been observed 
as outpatients only. All of the patients have been maintained on constant 
dietary regimens.t At the time of referral, 41 of the patients had been 
previously treated with diet alone, 31 with diet plus insulin, and 3 had been | 
newly discovered. In the patients receiving insulin, the daily dosage varied | 
from 8 to 44 units, with an average daily dose of 17 units. The status of 
the control of diabetes in the entire group of patients has been closely followed 
by frequent measurements of glycosuria and of the fasting and 2-hr.-post- 
breakfast blood sugar level. Additional studies on each of the patients have _ 
included the response to a screening dose of 1 gm. of sodium tolbutamide 
intravenously, and periodic repetition of a variety of laboratory tests (oa 
for toxicity screening purposes. 

No fixed pattern of tolbutamide therapy was employed. In most instances 
the entire daily dose of tolbutamide was given as a single dose before break- 
fast. Most patients were treated and then maintained on 1 or 2 gm. of tol- 
butamide daily. In instances where little or no response was noted, larger 
doses, from 3 to 6 gm. daily, were employed. : 

Clinical observations. Our results are summarized briefly in TABLE 1. It 
will be noted that the effects of tolbutamide therapy have been evaluated in 
terms of the initial response, as well as the response to prolonged therapy. | 
The benefit derived from tolbutamide therapy has been arbitrarily classified | 
as good, partial, or none. The patient’s response has been considered good — 
when one of the following phenomena were observed: a disappearance of the 
insulin requirement in the insulin-treated patients; or a disappearance of 
glycosuria with an associated fall in blood sugar in the non-insulin-treated 
glycosuric patients; or a marked fall in the fasting blood sugar toward normal 
levels in the aglycosuric patients. Using these criteria, which relate entirely 
to the control of the hyperglycemic and glycosuric aspects of the diabetes, it” 
will be noted that initially 68 per cent of this group had a good response, 
17 per cent a partial or fair response, and 15 per cent a poor response. 


t Most of the patients were maintained on a 2000-calorie diet consisting of 250 gm. 
carbohydrate, 90 gm. protein, and 70 gm. of fat daily. 
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z Algo shown in TABLE 1 is the evaluation of this group at the present time. 
Three patients have been excluded, since they have been lost to follow-up. 
Patients who were failures initially and had their therapy discontinued are 
included as long-term failures. It will be noted that 56 per cent still main- 
tain a good response, 25 per cent now show a fair response, and 19 per cent 
are failures. Analysis of the data reveals that approximately 90 per cent of 
the patients with a good or fair initial response have maintained their 
“response over the entire period of observation. In the remaining 10 per cent, 
the patients have not maintained as good a response or have become unre- 
_ sponsive to oral therapy. 
a AD example of a good long-term response is illustrated in FIGURE 2, in 
which are shown observations on patient H. B., a 64-year-old female with 
‘known diabetes of 17 years’ duration, but without previous insulin therapy. 
“It will be noted that initially, during a 1-wk. control period, the fasting 
_ plasma glucose level ranged between 175 and 250 mg. per cent, and the 2-hr. 
postprandial values ranged from 320 to 578 mg. per cent. Immediately 
upon institution of 1 gm. of tolbutamide daily, the postprandial values fell 
_ precipitously, followed shortly thereafter by a fall in the fasting plasma 
glucose and a diminution and then disappearance of the glycosuria. Three 
_ weeks following the institution of therapy, the fasting plasma glucose was 
~ maintained at approximately 110 mg. per cent, with a postprandial level at 
about 150 mg. per cent. Tolbutamide therapy was then discontinued. 
‘Over the next 3 weeks, the fasting glucose level rose significantly, as did the 
postprandial level. Intermittent tolbutamide therapy, 1 gm. twice weekly, 
~ was tried without effect. In the middle of the eighth week of observation, 
__the patient was again placed on daily tolbutamide therapy. The fasting and 
oa postprandial blood sugar levels promptly fell, and then were maintained at 
~ Jower levels. At about the thirty-ninth week of observation, it was noted 
that the postprandial level was beginning to rise, and the tolbutamide intake 
was increased to 1.5 gm. daily. On this regimen, the postprandial level fell. 
At present the patient has been observed for a full year and remains in good 


control. 
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The beneficial effects ascribed to tolbutamide therapy in approximately 
80 per cent of the patients under observation may be subjected to consider- 
able criticism. It is appreciated that this is a select group, with 60 per cent | 
of the patients over the age of 50; that the criteria employed are purely 
arbitrary and do not truly quantitate the effect of tolbutamide therapy; and 
that there is no way of estimating to what extent the renewed interest in 
the patients has led to better control other than through the specific agent 
under evaluation. For this reason, 7 patients who had been under observa- 
tion on continuous tolbutamide therapy for 6 months or longer, and in whom | 
good control was maintained, were selected for a trial on placebo therapy. 
Gantrisin (WV1!-(3,4-dimethyl-5-isoxazolyl)-sulfanilamide) was used as the 
placebo. Of these 7 patients, 5 had an unequivocal deterioration in their 
control within 3 weeks of the placebo substitution, and tolbutamide therapy 
has been instituted again. The other 2 patients are still being observed on 
the placebo. Ficure 3 illustrates the course in one of the patients who did 
poorly on the placebo. 

Patient M. S. (FIGURE 3) is a 56-yr.-old female whose diabetes was diag- 
nosed 8 years ago and who has received insulin therapy for 5 years. Prior to ! 
oral therapy, the patient was receiving 25 units of NPH insulin daily. On 
this regimen she was aglycosuric, with a fasting plasma glucose ranging from ~ 
150 to 175 mg. per cent, and a postprandial level of 225 to 275 mg. per cent. 
Tolbutamide was added to her previous regimen in increasing doses without — 
significantly altering the blood sugar. After 10 weeks the insulin intake was 
successively reduced, and it was completely discontinued in the nineteenth 
week. For the next 16 weeks the patient was maintained on tolbutamide 
alone, at about the same level of control she had previously enjoyed with 
insulin. After a total of 35 weeks of therapy with tolbutamide, it was dis- 
continued and Gantrisin was substituted. The fasting plasma glucose rose 
promptly, as did the postprandial levels. Significant glycosuria appeared 
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‘or the first time. After 3 weeks'on‘Gantrisin, the fasting plasma glucose had 
isen to 290 mg. per cent, hér postpandial level was 365 mg. per cent, and 
he exhibited a 24-hr. glycosuria of 70 gm. Tolbutamide therapy has been 
reinstituted. 

Intravenous sodium tolbutamide screening test. On the basis of preliminary 

observations we suggested that the response to a 1-gm. intravenous dose of 
sodium tolbutamide might prove to be a useful screening procedure in pre- . 
dicting the future response to oral therapy. In contrast to nondiabetics, who 
had a prompt fall in blood sugar in the first 30 minutes, followed by a return 
to normal by the end of the second hour, diabetics responded to the intra- 
venous injection of tolbutamide with a slow and progressive fall in blood 
sugar of several hours’ duration. Preliminary data suggested that diabetics 
who had a positive response to the sodium tolbutamide test—that is, a fall in 
blood sugar of 15 per cent or greater in 2 hours—responded to oral therapy, 
whereas diabetics who had less than a 15 per cent fall did not respond to sub- 
sequent oral therapy. 
__ Further experience with this test has shown that the procedure has limited 
value. In general, patients with a significant fall in blood sugar following 
sodium tolbutamide intravenously were more likely to respond to oral 
therapy, but in a significant number of patients the prediction of the test 
was inaccurate. Furthermore, there was no correlation between the daily 
dose required to maintain a response in the patient and the sensitivity to the 
intravenously administered sulfonylurea. The factors responsible for the 
lack of correlation between the intravenous sensitivity and the clinical 
‘response are not apparent. That absorptive difficulties cannot be the sole 
explanation is illustrated by the data obtained in patient D. M. 

‘Patient D. M. (FIGURE 4) is a 34-yr.-old female with known diabetes of 
3 years’ duration who refused to take insulin. During one week of control 
“observations the fasting blood sugar ranged from 270 to 300 mg. per cent, 
-and there were wide fluctuations in the postprandial levels. Glycosuria 
averaged over 100 gm. daily. On 3 gm. of tolbutamide daily she responded 
with a slight reduction in glycosuria, but the plasma glucose levels fluctuated 
widely. Because she proved to be sensitive to LV. tolbutamide, her daily 
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dose was raised to 6 gm. Shortly thereafter the fasting blood sugar fell to 
140 mg. per cent, and her glycosuria disappeared. For the next 21 weeks 
the patient remained aglycosuric and with the fasting blood sugar well con- 
trolled. However, considerable fluctuations in the postprandial levels per- 
sisted. During the twenty-seventh week, despite continued tolbutamide 
therapy, the blood sugar began to rise, and glycosuria returned. By the 
_ fortieth week the patient was excreting over 200 gm. of glucose daily, and 
the fasting blood sugar was approximately 300 mg. per cent. During the 
forty-second week, tolbutamide was discontinued and insulin instituted for: 
the first time. The fasting plasma glucose fell rapidly, and glycosuria | 
rapidly diminished. Since the patient was still sensitive, by test, to intra-- 
venously administered sodium tolbutamide, she was taken off insulin and | 
given large doses of sodium tolbutamide. The sodium salt was given, first ° 
orally and then intravenously, but it proved to be ineffective in controlling ; 
the hyperglycemia or glycosuria. With reinstitution of insulin therapy, | 
there was a prompt fall in blood sugar and glycosuria. 

Relation of response to previous diabetic state. Analysis of the results | 
obtained in this series of patients reveals that, of all the variables studied — 
(age, age at onset of diabetes, duration of diabetes, previous insulin therapy, 
duration of insulin therapy, and previous diabetic state), the previous dia- 
betic state of the patient correlates most closely with the results of tol- 
butamide therapy. Unstable diabetics—that is, diabetics who had recurrent 
bouts of acidosis or coma, or who were difficult to control by the usual meas- 
ures because of large spontaneous fluctuations in their fasting or postprandial 
blood sugar levels responded poorly to tolbutamide therapy, whereas stable 
_ diabetics did well. This correlation is illustrated in TABLE 2. Of 61 patients 
categorized as stable diabetics, 94 per cent had either a good or partial 
response on long-term tolbutamide therapy. In contrast, of 11 diabetics who’ 

had been difficult to control prior to tolbutamide therapy, only 2 responded 
initially, and only 1 maintained a prolonged response to the oral agent. } 

Toxicity of tolbutamide. The evaluation of toxicity is presented below 

under three categories: complications probably attributable to tolbutamide; 


TABLE 2 
REsutts OF LONG-TERM TOLBUTAMIDE THERAPY AS RELATED TO PREVIOUS 
DIABETIC STATE 


ll en 


Stable diabetics Unstable diabetics* 
(Total 61) (Total 11) : 
Response : 
No. % No. % 
Good sin abe. eek wt 39 64 1 9 ‘ 
Rartial warn. vm eh 18 30 0 0 | 
INONG etc. eee 4 6 10 91 


———— 
* Unstable = previous bouts of ketosis or difficult to control by usual measures. 
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complications not associated with tolbutamide; and the results of the screen- 
ing tests for hepatic, hematological, and renal dysfunction. 

A number of minor complications that have been observed are probably 
attributable to tolbutamide. One patient had an urticarial reaction that 
“occurred on the fourth day of therapy and promptly subsided upon with- 
drawal of tolbutamide. Three patients developed epigastric fullness. In 
“only 1 of the 3 did the symptom promptly subside with the discontinuation 
of the medication. Factors other than tolbutamide may have been present 
in the other 2 patients, for one is a chronic alcoholic, and the other has chronic 
“recurrent pancreatitis. One patient developed a thrombophlebitis at the 
site of an I.V. tolbutamide injection. Several patients have had transient 
mid-morning complaints suggestive of hypoglycemia. Blood specimens 
“taken at the time of complaint have failed to reveal hypoglycemia, except in 
one instance. In the latter patient, when the dosage of tolbutamide was 

reduced, the complaints disappeared. 

_ There have been several complications that have not been attributed to the 
tolbutamide therapy. Included among these are two deaths, one from uremia 
~ secondary to diabetic nephropathy, and the second from metastatic carcinoma 
to the liver. Three patients in the older age group have developed cerebral 

thromboses, and two have shown progression of retinopathy. 

Several thousand laboratory determinations have been performed in a 
‘search for evidences of hepatic, renal, or hematological dysfunction resulting 
“from the oral therapy. These include bromsulphalein retention, total and 
fractional serum proteins, cephalin flocculation, alkaline phosphatase, pro- 
thrombin time, cholesterol, amylase, blood urea nitrogen, complete blood 
count, platelet count, and urinalysis. To date, no evidence has been obtained 
- of hepatic, hematological, or renal dysfunction that may be attributed to the 
- tolbutamide therapy. 
oe Summary 
Seventy-five adult diabetic patients on tolbutamide therapy have been 
followed closely for periods up to one year. In 14 of the patients (19 per cent) 
tolbutamide therapy has been ineffective. An additional 3 patients have 
- been lost to follow-up. The remaining 58 patients (approximately 80 per 
~ cent) have shown either a good or fair response and are still under observation. 
_ The previous diabetic state appears to correlate most closely with the results 


; 


~ 
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of tolbutamide therapy; that is, unstable diabetics or those difficult to control 


/ 


it 


__ responded poorly, whereas stable diabetics responded well. Only minor toxic 
manifestations have been noted to date. 
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USE OF THE SULFONYLUREAS IN DIABETES MELLITUS* 


By Samuel J. N. Sugar : 
George Washington University School of Medicine, ; 
Washington, D. C. 4 
In a preliminary report! on management of diabetes with tolbutamide — 
(Orinaset), successful control was noted in 76 per cent of 38 patients studied. 


TABLE 1 
ANALysIs OF 143 Cases TREATED WITH TOLBUTAMIDE 


Age No. treated| No. successful % j 
0-19 4 0 0 
20-39 12 6 50 
40-59 64 53 83 
60-80 63 50 79 
i] 
Duration of 
diabetes 
0-4 yr. 75 62 83 
5-9 yr. 34 27 80 
10-14 yr. 20 13 65 
15~25 yr. 14 7 50 
Insulin 
dosage ‘ 
} 
0-19 units 57 46 81 : 
20-39 units 56 42 75 { 
40-59 units 15 11 73 : 
60-85 units 15 10 66 ' 
Totals 143 10¢ 76 | 
{ s 


Encouraged by these results, we made further observations in 143 cases. A 
few of these latter patients were given carbutamide for comparison of action. 


a 


* The work reported in this paper was done in the Medical Department of Prince George’s 
General Hospital, Cheverly, Md., and the Diabetic Clinic, District of Columbia General — 
Hospital, George Washington University Division, Washington, D. C. 

t The Orinase used in this study was supplied through the courtesy of C. J. O’Donovan of — 
The Upjohn Company, Kalamazoo, Mich. 
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Method of Study 


In patients controlled on insulin, tolbutamide was started 24 hours after 
the last dose of insulin. An initial “priming” dose of 2.5 gm. was followed 
in 24 hours by 1.5gm. A maintenance dose of 1 gm. was given every morning 
thereafter. If control was difficult, the dose was increased. In some cases 
‘the daily dose was decreased as control improved. In hospitalized patients, 
blood sugars before and after breakfast, as well as 24-hour quantitative urine 
glucose, were estimated daily.” In addition, qualitative tests for sugar and 
acetone in the urine were made before meals and at bedtime. Diet was main- 
‘tained at optimal caloric requirements. 

In the outpatient clinics, those diabetics controlled with less than 20 units 
of insulin were started on tolbutamide 24 hours after the last dose of insulin. 
When more than this amount of insulin was being used, reduction in dosage 
was done in a gradual manner according to the effectiveness of tolbutamide. 

_ All’patients were advised as to the need for frequent testing of urine for 
sugar and acetone. On return to the clinic, the records of these tests, as well 
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FicureE 2. Good control with tolbutamide continuing after surgery. Gradual weight 
gain. yt 
as of that day’s blood sugar, were studied to obtain an estimate of the degree 
of control. Management with tolbutamide was considered satisfactory if the 
average blood sugar was less than 200 mg. per 100 ml. of blood, and if the 
daily excretion of glucose in the urine was kept below 15 gm. 


Results 


An analysis of 143 cases treated with tolbutamide is presented in TABLE 19 
One hundred and nine patients (76 per cent) studied for more than 2 months | | 
showed adequate control, as measured by the criteria mentioned above. Of 
the 34 failures (24 per cent), 10 were “juvenile” type diabetics, requiring — 
large doses of insulin and with a pronounced tendency to acidosis. For such _ 
reasons as fear of injections, allergy, or recentness of onset of diabetes, — 
23 patients had not previously taken insulin. These cases were quite 
easily controlled with tolbutamide. Two patients underwent major surgery _ 
while taking the drug. One of these (FIGURE 1) had panhysterectomy — 
and radical node resection for carcinoma of the cervix. Tolbutamide was. 
omitted on the day of operation and resumed in 24 hours. Diabetic — 
control has remained good for 6 months (FIGURE 2). Several patients — 
with ketosis were given a trial with tolbutamide. Only one of these (FIGURE 
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_ FIGURE 3. Patient relieved of ketosis with insulin, and satisfactorily controlled there- 
‘after with tolbutamide. 

we 

es 


3) responded. Acidosis was relieved by 120 units of regular insulin in 
94 hours. Thereafter control was maintained with 40 units and, later, 
1.5 gm. of tolbutamide daily in divided doses, 2 tablets before breakfast and 
“1before supper. One case of chronic ulcerative colitis and diabetes improved 
remarkably with carbutamide at a dose of 1 gm. twice daily. After 2 months 
tolbutamide was substituted for the carbutamide. No exacerbations of the 
colitis have been noted after 9 months of therapy. Three patients have been 
able to stop medication and yet remain well controlled for as long as 3 months. 
One of these (r1cuRE 4) has “never felt better.” 

_ One young mother became pregnant soon after diabetes was discovered. 
Increasing hyperglycemia and glycosuria were not satisfactorily managed by 
‘diet alone. After the usual starting dose, administration of 1 tablet of tol- 
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Figure 4. Good control continuing after stopping of tolbutamide. 

: 
butamide (0.5 gm.) daily was sufficient to control the diabetes for the entire 
pregnancy (FIGURE 5). The patient was delivered by Caesarean section in 
her 36th week and has remained in good control for 2 months. The infant 


boy (11 lb.) had a normal blood sugar and no glycosuria. He is developing 
normally. : 


: 
\ 
' 

As a rule, side reactions to tolbutamide were not too severe. Ina third of 
the patients there was a prominent tendency to gain weight (TABLE 2). One 
case of leukopenia with a white blood count of 1800 was noted. This was 
not permanent, and tolbutamide was resumed without ill effect. Three 
patients went into congestive failure while on the drug. One of these had 


previously had pulmonary edema. All responded well to digitalis and 
mercurials. 


Toxicity 


One patient whose diabetes was complicated by chronic pyelonephritis and 
retinitis was given tolbutamide with good effect (FIGURE 6). However, after 
several months generalized itching followed by a purpuric rash on the legs 
(FIGURE 7) was noted. This increased in severity and was accompanied by 
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> TABLE 2 
a SmDE REACTIONS TO TOLBUTAMIDE 
No. of 
patients* 
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_* Of a tetal number of 143 patients treated. 


wusea and vomiting, so that the compound was necessarily discontinued. 
Phere was no unusual effect on the blood or urine. Hemoglobin was 13 gm. 
(Haden-Hauser), the whice count 10,150. Only 10 units of lente insulin are 
ieeded at present. The rash has persisted for 2 weeks since cessation of tol- 
butamide but seems to be fading gradually. 

_ Three deaths occurred in patients who were taking tolbutamide. One was 
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FicurE 6. Fair control with sulfonylureas; severe itching and rash persisting after 
discontinuation of the drug. ; 


' due to generalized carcinomatosis, the second to overwhelming infection after 
midthigh amputation, and the third to hemorrhagic pancreatitis with fat 
necrosis following surgery for common-duct obstruction. Autopsy was 
obtained in the last case. Microscopic examination of the liver, kidneys, and 
pancreatic islets showed no effect attributable to tolbutamide. ; 


D eat ly,’ ante 


Conclusions 


(1) Of 143 diabetics studied, 76 per cent were satisfactorily controlled with 
tolbutamide. 
(2) The most easily controlled were middle-aged patients with relatively 
recent onset of diabetes, requiring less than 40 units of insulin for control. 
(3) Tolbutamide can be used on an ambulatory basis. Frequent urine 
testing and gradual reduction of insulin dosage while tolbutamide was admin- 
istered gave optimal control. 


(4) Unstable diabetics of any age are poor candidates for control with 
tolbutamide. 
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Ficure 7. Purpuric rash on legs following administration of tolbutamide. 


(5) Toxicity to tolbutamide was low. There was a prominent tendency 
to gain weight. Skin rash and itching could become severe enough to warrant 
discontinuance of the medication. 
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FURTHER EXPERIENCE WITH THE USE OF SULFONYLUREAS 
IN DIABETES 


By Samuel B. Beaser : 


The Harvard Medical School and the Abraham Rudy Diabetes Clinic of the Medical Service,’ 
Beth Israel Hospital, Boston, Mass. 


The continued use of tolbutamide (Orinase*) in human diabetes for 1C 
months has provided added information about its action. The group studied 
consisted of 90 ambulatory private patients (all adults, except 2 juveniles); 
under the close supervision of a single observer. All but 6 patients proved ta 
be reliable in following their diet. This is vital for the validity of ambula+ 
tory studies. : 

As a result of this expanded experience, the blood sugar response test with! 
tolbutamide for case selection! was abandoned. Instead, only clinical cri-! 
teria were employed to decide whether to treat with tolbutamide and whether: 
to replace insulin wholly or in part in a given patient. Moreover, a uniform 
dose of 2.0 gm. of tolbutamide per day was found to be practical as a starting 
dose for all patients. The blood sugar level 1 hr. after breakfast or lunch was 
used as an index of therapeutic accomplishment. The aim of treatment with’ 
tolbutamide was a blood sugar value of 140 to 160 mg. per cent (Folin-Wu), 
as in the case of insulin therapy. This rigid requirement was responsible for 
the relatively high average daily dose of tolbutamide in this group, namely, , 
2.5 gm. q 

In the initial regulation the probability of success could be gauged by the: 
end of the first week, but the final dose required 3 to 4 weeks for stabilization. . 
In the patients requiring higher doses, the blood sugar level (1 hr. after a meal) | 
sometimes remained at a plateau of about 200 to 300 mg. per cent over the ' 
period of several weeks required to reach the effective dose of 3 to 6 gm. | 
day. It was only at that point that dosage dependency would be observed. 
in such patients for the first time, and even 1 tablet per day would then exe 
a distinct effect. | 

The constancy of action of tolbutamide in those patients of this group with 
a longer period of regulation was then studied. Of the 90 patients, 35 who 
had been reliable in their diet (and weight) and had had over 100 days of 
therapy were chosen. Of these, 14 had been treated for over 200 days, and 
6 for over 250 days. An analysis was made of the variations in dosage 
between the end of the initial regulation (3 to 6 weeks) and the end of the 
study (up to 100 to 270 days). A change in dosage of 0.5 gm. per day of tol- 
butamide was considered significant. TABLE 1 shows the results: of the 35 
patients, 22 showed no change, 8 showed a decrease, and 4 an increase in tol- 
butamide requirement. The one long-term juvenile patient showed irregular 
variations in dose that could not be classified. In the remainder, the changes 
noted occurred gradually and in one direction. Thus, the stability of the 

* The Upjohn Company, Kalamazoo, Mich. . ‘ 
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TABLE 1 
ALTERATION IN DOSE OF TOLBUTAMIDE DURING PROLONGED TREATMENT OF 
HumMANn DIABETES 


; Direction of alteration of dose RmpGnt ot eoete Le 
Patients pPAelbntamidé of tolbutamide 
(grams per day) 
4 Number 
7 22 Unchanged 
2 4 Increased 1, 1.5, 2 (2 patients) 
8 Decreased 1, 0.5 (7 patients) 
oe Variable 0 to 1.5, variable 
30 


tolbutamide requirement in the therapy paralleled that of insulin. As a 
result, the patients required similar frequency and type of clinical observation. 
At present, one of the recognized mechanisms by which the sulfonylureas 
exert their hypoglycemic effect is by stimulation of the pancreatic islets, 
both physiologically” * and histologically.2» 4 This has raised the possibility 
‘of deterioration of the islets as a result of such stress. Accordingly, the 
‘clinical data have been examined for evidence of this, both in long- and short- 
term cases. 

In this group there were 18 patients in whom the drug was unsuccessful 
and in whom insulin treatment was reinstituted after a short trial of sulfonyl- 
“urea. Among most of these it was possible to appraise the stability of the 
‘diabetes under the influence of this therapy by using as an index the insulin 
‘requirement before and after therapy. Only 1 patient did show a striking 
change. This was a 50-year-old male with diabetes of 12 years’ duration, 
who had been on insulin therapy for 3 years. He was well controlled on 16 
inits of NPH insulin and was reliable in diet. After 40 days of tolbutamide 
in increasing doses of from 2.0 to 4.5 gm., the postprandial] blood sugar was 
till 265 mg. per cent (Folin-Wu), and this therapy was abandoned. On 
‘reregulation, the insulin requirement was 40 units NPH. This exceptional 
case was highly suggestive of a deterioration of carbohydrate metabolism or 


yancreatic islet function under tolbutamide therapy. Although such changes 


occasionally do occur spontaneously during insulin treatment of human dia- 


betes, they are usually accompanied by a complication. 
~ On the other hand, the long-term cases ordinarily afforded tolbutamide 
7 e only measure of carbohydrate metabolic efficiency. How- 
ever, this is probably not a specific index of the integrity of pancreatic islets, 
~ sir bly decrease blood sugar by extrapancreatic 
“action also.® A simple and direct measure of pancreatic islet function is not 
yailable under these circumstances, but insulin requirement probably would 
ye a closer approximation to this than the dose of tolbutamide. In the litera- 


_ture there are only isolated cases of reregulation of patients by insulin after 
cessation of sulfonylurea therapy.* 
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q 
TABLE 2 q 
Errect or TOLBUTAMIDE ON THE REQUIREMENT OF EXOGENOUS INSULIN IN 
HuMAN DIABETES || 


Tolbutamide therapy 
Dura- Dura- 


Age tion of | tion of pion 
No. | Name (years) | diabetes | insulin ; Final | Dura- Dose 
(units) ‘ 
(years) | (years) dose tion change ; 
(grams) | (days) | (grams) | (days) (units) } 

1 BD, B 62 5 5 22 225 188 0 3 Us} 0 : 

2 A. F 49 1.5 Wes) 20 1.0 224 ores 13 0 

3 Bok 54 14 1 8 2.0 248 Decrease 11 Decrease 
0.5 by 4 

4 O's 64 4 4 32 2.0 262 0 8 0 

5 S.C. 55 5 5 34 4.5 266 0 12 0 

6 R.B 53 1 - 18 0.5 224 ae 8 0 
0. 

tf A. K 54 9 2 16 4.0 275 ais 10 0 7 
a 

8 PENG. 60 14 6 40 4.0 283 Increase 10 0 f 
1.0 


In an attempt to secure such information, 8 uncomplicated, long-term (ove: 
6 months each) tolbutamide-treated diabetics were taken off the drug and 
reregulated with insulin. In none was the insulin requirement altered, a 
compared with that prior to the period of therapy (TABLE 2). Moreover, 
this stability of insulin requirement did not correlate with alterations in the 
dose of tolbutamide in 5 of these patients (Nos. 2, 3, 6, 7, and 8). If this isi 
a valid index of pancreatic islet function, then it may be concluded that such! 
function had not changed in these 8 patients after 6 to 9 months of therapy} 
with tolbutamide. . 

In this series there were 2 juvenile diabetics successfully treated with tol-: 
butamide. One was 14 and the other 13 years of age. The former, already\ 
reported,” had a variable tolbutamide requirement, and required omission of! 
the drug for several days at a time due to hypoglycemic reactions. Very few 
instances of successful treatment of juveniles with these drugs have been 
reported.*!° Effectiveness in the 2 cases described here is probably best cor- 
related with the recent onset of the diabetes in each (5 months) as well as t 
lack of development of ketonuria and only a moderate rise in hyperglycem 
after the omission of insulin. The tolbutamide requirement was different it 
each, 0 to 1.25 gm. per day in the first, and 6 gm. in the second patient. This 
paralleled the insulin requirement, which was 4 to 8 units in the former and 
22 units in the latter.* 

Two cases in this group represented diabetes that first became manifest in 
the course of carcinoma of the large bowel with metastases. In neither case 
did the metastases affect a substantial portion of the liver. Such increase in 
severity of a diabetic condition, latent or manifest, by complicating disease 
is common, and the mechanism is not always clear. Tolbutamide, at . 


average dosage level (2 to 2.5 gm. per day), was rapidly effective in each 
patient. : 


* Further details of these cases will be published separately. 
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~ Gastrointestinal symptoms have been noted during the use of tolbutamide.’ 
hey consist of heartburn, upper abdominal discomfort, or bloating to a sig- 
lificant degree, and they occur particularly in those patients with a previous 
istory of such symptoms. It may occur ina patient with a gastrointestinal 
ract shown to be normal by X-ray examination. One patient of this series 
ith known duodenal ulcer had a definite exacerbation following the use of 
olbutamide. One other patient, a 75-yr.-old male, with no previous history 
of gastrointestinal disease and without warning symptoms, suffered sudden 
perforation of a duodenal ulcer. This occurred after 135 days of tolbutamide 
therapy with a dose of 2.5 gm. per day. These observations suggest the need 
for caution in the use of these drugs in the presence of a history of gastro- 
duodenal symptoms. The precautionary use of antacids would be at least 
indicated under such circumstances. 
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THYROID FUNCTION OF DIABETIC PATIENTS AS : 
INFLUENCED BY THE SULFONYLUREAS 


By Thomas H. McGavack, Winnifred Seegers, Helmut O. Haar, 
Josef Enzinger, and Vernon O. Erk 


Metropolitan Medical Center Research Unit, New York Medical College, 
Bird S. Coler Hospital, New York, N. Y. 


Discovery of the hypoglycemic action of two sulfonylureas, carbutamid 
and tolbutamide, has been followed by their widespread trial in the manag 
ment of diabetes mellitus. Their sulfonamide structure has led to a study off 
their influence upon the thyroid gland. 

Goiters have been discovered in small laboratory animals subsequent to the 
feeding of carbutamide.!*? Some workers have demonstrated similar 
changes following the feeding of tolbutamide,‘ but others have been unable to: 
confirm this.” * 

As measured by the uptake of I'*!, thyroid function in human beings has 
been decreased by proper dosages of carbutamide,*!° but no satisfactory 
clinical or laboratory evidence of a hypothyroid state has been demon-- 
strated,® 71° although serum protein-bound iodine levels have occasionally ' 
been lowered.® % 1° 

Most observers have failed to show any thyroid-depressant action for ’ 
tolbutamide in commonly employed dosages; that is, up to 2 gm. daily.® 7! 
However, a slight lowering of thyroid function in man by tolbutamide has 
been noted by some observers.® ® 12 This is a very weak action, and it is 
not well demonstrated unless relatively large doses, for example, 100 mg./ kg. 
of body weight, are used.” 

In view of the sulfonamide structure and the long-term usage implied in | 
the application of these hypoglycemic agents to the treatment of diabetes — 
mellitus, it has seemed advisable to study their influence on the function of 
the thyroid for relatively long periods of time. 4 

In conjunction with the administration of these sulfonylureas, we have pre- 
viously reported data from 55 older patients with mild diabetes subjected to 
repeated tests of thyroidal function over periods of time up to 20 weeks of. 
observation.* * 1° Sixteen of these patients were studied only in short-term 
experiments concerned with the uptake of I'*! by the thyroid. The results 
of this study may be summarized briefly: 

(1) Following a single dose of 4 gm., both carbutamide and tolbutamidel 
may depress the gradient of uptake of I!*! by the thyroid; this action was" 
striking with carbutamide and slight with tolbutamide. 

(2) When 4 gm. of tolbutamide was given daily for 4 days, the uptake of 
I'*! by the thyroid changed, but not significantly, from an average of 19.3 to’ 
an average of 16.5 per cent. In 4-gm. doses daily for 4 days, carbutamide 
reduced the I’! uptake of the thyroid from 23.3 to 5.3 per cent, a highly 
significant reduction. 

(3) When 3 gm. of carbutamide was given daily for 4 days, the I)! uptake | 
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~ of the thyroid dropped from 19.3 to 10.3 per cent, again a significant change, 
with a P value of less than 0.05. 

In view of the above, the remaining 39 patients have been observed for 
periods up to approximately one year, and during this period the thyroid 


~ function of each patient was checked periodically; the present report deals 
with the results obtained. 


Subjects and Procedures 


me Ihe methods for selection of the 39 subjects discussed in this report have 
already been fully described.'? Of these subjects, 18 were men with a range 
of age from 57 to 89 years and an average age of 69.7 years, while the remain- 
ing 21 were women whose ages ranged from 57 to 83 years and averaged 
_ 72.6 years. Of the patients originally receiving tolbutamide, 10 were men 
_ whose ages ranged from 59 to 89 years and averaged 71.8 years, and 16 were 
women whose ages ranged from 57 to 85 years and averaged 75.2 years. Of 
those originally receiving carbutamide, there were 8 men whose ages ranged 
_ from 57 to 76 years with an average of 67.1 years, and 5 women whose ages 
- ranged from 65 to 81 years with an average of 74.2 years. Later, 9 subjects 
— (5 men and 4 women) who initially took carbutamide were transferred to 
treatment with tolbutamide, and 7 individuals (3 men and 4 women) who at 
- first used tolbutamide were later given carbutamide. Therefore, the over-all 
results of long-term therapy with these two sulfonylureas involve 35 trials 
_ with tolbutamide and 20 trials with carbutamide. 
These patients had been admitted to the hospital originally for control of 
_ their diabetes or for some degenerative vascular disease. Fluctuations due 
_ to acute episodes in the course of either of these types of disease did not 
occur, in the patients here reported, during the period of observation covered 
by the treatment with the sulfonylureas. 
& The general condition of the patients, basal metabolic rates, serum protein- 
_ bound iodine determinations, and I!81 uptakes by the thyroid were used as 
criteria for determining thyroid function. We used the Benedict-Roth 
metabolimeter, with commonly employed standards, for the performance of 
the basal metabolic rates. The method of O’Neal and Simms! was employed 
- for the determinations of serum protein-bound iodine. Radioiodine uptake 
by the thyroid was measured by direct count with a Geiger-Mueller tube and 
by determining urinary excretion in a scintillation well counter. No single 
tracer dose of I'*! exceeded 25 uc. and most of them were under this amount. 
In the year of observation no single subject received a total of more than 


100 uc. of this material. 


wat 


Results 


From the standpoint of clinical findings, it may be said that at no time did 
any of the subjects show any bona fide evidence of hypothyroidism from the 
use of either drug in daily doses of 1 or 2 gm. over periods up to 47 weeks of 
treatment. 

Basal metabolic rate. No significant changes occurred in the basal metab- 
olic rates of 7 of the 10 subjects receiving carbutamide or in 9 of the 15 sub- 
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up to 43 weeks. Earlier data on these patients have been reported.*1° 


Since no essential changes took place in these first weeks of treatment or in 
the later observations, further details are not recorded. In the remaining ~ 


patients, it was impossible to obtain reliable tests. 


When 2 gm. of carbutamide daily was employed, the averaged pretreat-_ 
ment basal metabolic rate was +4.3 per cent, that at 9 weeks 1.6 per cent, © 


and that at 43 weeks 7.9 per cent, with variations that make none of these 
figures statistically significant. However, 2 of the 8 subjects on which it was 
possible to carry out the tests had values below —10 per cent at the ninth 


week, with values within the normal range in the control periods and at the — 


end of the therapeutic period (19 to 22 weeks). 

When 2 gm. of tolbutamide was administered daily, the averaged pretreat- 
ment basal metabolic rate in 14 of the 20 patients on whom the determination 
was carried out was +0.9 per cent, that at 9 weeks +2.3 per cent, and that 
between 43 and 47 weeks +7.9 per cent. There were wide fluctuations, all 
within the normal range, so that the above differences have no significance. 

Serum protein-bound iodine. With neither carbutamide nor tolbutamide 
in daily doses of 1.0 gm. for periods of time up to 22 weeks were there any 
striking variations in the serum protein-bound iodine, and all values stayed 
within the normal range. The same statement holds true for tolbutamide in 
2-gm. doses over periods of time up to 47 weeks. Data were obtained from 
6 subjects who received carbutamide in daily 2-gm. doses. In these the 
control values ranged from 4.0 to 7.5 ug. per 100 cc., with an average of 6.1. 
(Normal limits of the method in our hands were 4.0 to 8.0 ug. per 100 cc.) 
At 9 weeks the range was from 3.0 to 5.2 ug. per 100 cc., with an average value 
of 4.4. In only one subject was the posttreatment value depressed beyond 
the accepted ‘“‘low-normal’”’ figure. Unfortunately, no determinations were 
carried out at a later time. The differences obtained have no statistical 
significance. 

When 2 gm. of tolbutamide was used daily for 43 weeks, the averaged 
value for serum protein-bound iodine decreased from 5.8 to 4.8 wg. per 


TABLE 1 
THE INFLUENCE oF TOLBUTAMIDE (2 Gm. Dairy) ON THE SERUM PROTEIN-BOUND 
TIopInE OF 14 DraBetic PATIENTS 


Serum value 
(ug. per 100 cc.) 


* Period 
(weeks) 
Range Average 
Contoleeyn os. 3.9-7.7 5.8 
Lihat By tee aces 4.0-7.6 Sid 
CS ce aati Neen) ree 2s = 7 ol 4.8* 


* Two values were less than 4.0 yg. per 100 cc. 


i 


jects receiving tolbutamide at the 1 gm. level of dosage over periods of time — 


' 


ee 
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~ 100 cc.; the range before treatment was 3.9 to 7.7 and after treatment 2.3 to 
7.1 wg. per 100 cc. (TABLE 1). From TABLE 1 it can be seen that when the 

_ drug was administered over periods of time up to 43 weeks, changes in serum 
protein-bound iodine were slight and not statistically significant. 
_ Radioactive iodine (I'*1) uptake by the thyroid. We have already mentioned 
the results of 4-gm. doses of carbutamide given singly and daily for 4 days; 
that is, a statistically significant depression of I'*1 uptake by carbutamide and 
a slight but not significant depression of such function by tolbutamide.*?° 

~ In doses of 1 gm. daily for 17 and 20 weeks respectively, neither tolbutamide 
‘(in 15 patients) nor carbutamide (in 10 patients) appreciably influenced the 

uptake of I. 

TABLE 2 


INFLUENCE OF Datty Doses or 1 Ga. or CARBUTAMIDE AND TOLBUTAMIDE 
on I!3! UprakE OF THE HUMAN THYROID GLAND 


Percentage uptake 


Period Carbutamide Tolbutamide 
(Weeks of therapy) (10 subjects) (15 subjects) 


Range |Average| Range Average 


11-38 D560) 11-36 21.4 


OE mee amen ain ys oly end, Se 12-36 23.0 10-28 18.9 
DELO) Oe Le cae oer 12-24 20.2 
LM Ri oe rerctunyore Guaie she eis 5-27 16.9 
Wf etx tad ch RRC ce eo 16-23 20.2 
Oe Os eta iebey fetes ctue= 12-28 21.8 

TABLE 3 


- Errect oF TorBuTAMIDE (2 Gm. DAILy) ON THYROIDAL UpTake oF [1*! By 
DIABETIC PATIENTS 


T131 Uptake (%) 


Period in weeks 


(No. of subjects) 
Range | Average 
Control (20)......--+-++- 8-37 20.3* 
DR (OW nee aint Oa ee 7-47 19.4 
GEE (Binnuoe bow oocawoR ae 13-20 16.7 
WS) sa retee acest cisely: 4-35 16.9 
20222) (16) semen ees 14-40 24.8 
AS ATC) atate be eluete cme #1 19-36 24.0 
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TABLE 4 
Errect OF CARBUTAMIDE (2 Gm. Dairy) oN THyromaL Uptake OF I)! IN 
DIABETIC PATIENTS 


Per cent uptake (24 hr.) 
Period No. 
(weeks) subj. 
Range Average 
Conttolcee eee ae 10 10-31 20.0 
Ee ets Ao Toes Parte 3 14-20 16.3 
Cin ee ame 7 0.5-11 1 ifto 4 
5 3 5-13 10.9 
9 10 6-20 1-2 
19-22 a ee 20-44 0 


The values for these subjects are shown in TABLE 2. The average ‘‘fore 
period”? and 17-week values for tolbutamide were 21.4 and 20.2 per cent, 


respectively, and those for carbutamide in the “‘fore”’ and 19- to 20-week — 


periods were 23.0 and 21.8 per cent, respectively. None of these differences 


is significant, nor indeed were any of the intermediate figures—not even the © 
drop to 16.9 per cent with tolbutamide at the tenth week, as the S.D. at this © 


point was +4.3 per cent (TABLE 2). 


When 2 gm. of one of the sulfonylureas was used daily, the story was some- — 


what different (TaBLEs 3 and 4; FIGURES 1 and 2). In explanation of these 


tera AOE 


tables and figures, it may be well to indicate that any value derived from less — 


than the total number of cases concerned was referred to the average control 


os 1" uptake 
40 

tw 

ae 

= 30 

a 

p= | 

2220 

oe 
10 


Control 2-3 5-6 9 20-22 43-47 
WEEKS 


Ficure 1. Effect of tolbutamide (2 gm. daily) on thyroidal I'5! uptake. Vertical lines 


represent range of values. Numbers at the top of each bar represent number of subjects 
on whom determination was made. 
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T'>! uptake 


40 
ud 
E. 
= 30 
==>) 
BiSo0 
se 

10 

0 

Control 2 3 5 9 19-22 
WEEKS 


Ficure 2. Effect of carbutamide (2 gm. daily) on thyroidal I'# uptake. (See legend 
of FIGURE 1 for explanation.) 


~ value for those specific cases, and that a proportionate value was calculated 
if this control deviated more than +2.5 per cent from the average control of 
the whole group (shown by an asterisk in the tables). With tolbutamide, the 
~ averaged value for I'*! uptake at 6 and 9 weeks was below that of the control 


; 4 but, in view of a standard deviation of +4.3 per cent for the method and of 


the wide individual fluctuations, these changes are not significant, nor is the 
increase above the control after 22 and 47 weeks of treatment, respectively 
(TABLE 3 and FIGURE 1). 

When carbutamide, 2 gm. daily, was given, there was a highly significant 
depression of uptake at the third week (P value less than 0.01) and at 9 weeks 
(P value less than 0.05), as shown in TABLE 3 and FIGURE 2. The surprising 
thing about this study was that the radioiodine uptake was above the control 
value at the end of 22 weeks of carbutamide therapy. 


Summary 


(1) Thyroid function, as measured by the clinical condition of the patient, 
by the basal metabolic rate, by the value for serum protein-bound iodine, and 
by the uptake of I’* has been studied in 55 patients with diabetes mellitus 
while under treatment with carbutamide or tolbutamide. 

(2) Sixteen patients were used solely for short-term experiments in which 
it was shown that carbutamide vigorously depressed the uptake of J!8! for as 
much as 24 hr. after a single dose of 4 gm., while tolbutamide exerted little or 
no influence. 

(3) No significant changes in basal metabolism or serum protein-bound 
iodine were produced by either drug in daily doses of 1 or 2 gm. over periods 
of time up to 47 weeks. However, at the end of 9 weeks, isolated cases 
treated with 2 gm. of carbutamide daily showed levels for serum protein- 
bound iodine and basal metabolism below the accepted range of normal. 


> i 
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(4) Radioactive iodine uptake by the thyroid was not appreciably dis- 
turbed by the administration of either 1 or 2 gm. of tolbutamide daily for — 
periods of time up to 47 weeks. q 

(5) One gram daily of carbutamide did not influence the uptake of radio- 
iodine by the thyroid. 

(6) Two grams daily of carbutamide suppressed the uptake of radioiodine 
by the thyroid to approximately 20 per cent of its former value by the end of 
the third week of treatment. This was still depressed to 56 per cent of the 
control value at the end of the ninth week of treatment. However, radio- 
iodine uptake and excretion were again normal after 19 to 22 weeks from the 
beginning of treatment. 
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EXPERIENCE WITH THE TOLBUTAMIDE TREATMENT OF 
FIVE HUNDRED CASES OF DIABETES ON 
AN AMBULATORY BASIS 


By Henry Dolger 


The Mount Sinai Hospital, 
New York, N.Y. 


- Although my experience extends to more than 700 patients treated with 
tolbutamide (Orinase) for diabetes mellitus, this report is confined to 500 
patients studied for periods of from 3 months to 1 year. All were private 
- patients and represented the living and eating habits of ambulatory patients 


in whom a realistic test of the eventual clinical application of this drug could 
be evaluated. One hundred and fifty similar patients from the diabetic clinic 


~ of The Mount Sinai Hospital are not included in this report, but will be the 
subject of a subsequent paper by my collaborators, J. J. Bookman, R. Joelson, 


- and G. Brill. ; 
— The sexes of the 500 patients were about equally divided; there were 260 


~ males and 240 females. An index of the age category most suited for tolbut- 


amide treatment may be gleaned from the fact that, of the 500 patients, 451 
_ are now in the age bracket of 41 to 80 years, while only 38 are from 21 to 
_ 4O years old, and a meager 11 cases are now aged 20 or less (TABLE iy 
~ the latter group, I can report no single successful result. This breakdown is 


~ not to be confused with correlations as to the age at onset of diabetes. As 


90 per cent of our patients are older than 40, a good or excellent response to 


tolbutamide treatment could be expected in 70 per cent of this group. From 
this one can deduce the broader extension of the possible therapeutic success 


with tolbutamide in the general population. 
Correlation of Age at Onset of Diabetes With Duration 


The purported factor of duration of diabetes influencing therapeutic success 


ee : 
oe TABLE 1 


a CorRELATION OF AGE AT TIME OF TREATMENT WITH RESPONSE TO TOLBUTAMIDE 


Response to tolbutamide 


Age at time Total 


of treatment cases 
Excellent | Good | Fair Poor 
% 0-20 11 0 0 1 10 
£ 21-40 38 10 5 4 19 
41-80 451 242 117 18 74 
SOY 2) ieee ek carer 500 252 122 23 103 
a 


with tolbutamide is not substantiated in my experience. TABLE 2 shows the 
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TABLE 2 i. 

CORRELATION OF DURATION OF DIABETES WITH RESPONSE TO TOLBUTAMIDE ; 

Response to tolbutamide ; 

A Total ‘ 

Duration aad 

Excellent | Good | Fair | Poor } 

| + | 

ee Ct te ae erg St 42 iM 6 1 8 b 
1-2 yy EarS:..sra, ces «of, LOO 50 21 5 23 
Sa NV CATS ise eee es 90 42 23 6 19 
G=10yearssereerc.c ee toe 74 34 5 25 
11=20"vearsi sit. .ten's 111 47 33 5 24 
S20) years esos e 25 12 5 1 7 
Totalisosce pecs 509 252 122 23 106 

TABLE 3 


CORRELATION OF DURATION OF DIABETES WITH RESPONSE TO TOLBUTAMIDE 
WHERE THE AGE AT ONSET was 1 ro 20 


Duration Total | Excellent} Good | Fair | Poor 

<<t 6 0 0 0 6 

1-2 3 0 0 0 3 

3-5 1 0 0 0 1 

6-10 6 0 1 1 4 

11-20 2 1 0 0 1 

>20 2 2 0 0 0 

a Fotall 22 Sots stats 20 3 1 1 15 


response to treatment in relation to the duration of diabetes; it is evident that 
no significant correlation existed. On the other hand, in the juvenile diabetic 
(TABLE 3) such a correlation may be demonstrated in reverse, since even with 
the most recent onset of juvenile diabetes, the drug failed. Therefore, it is 
apparent that, regardless of the duration of diabetes, except in juvenile cases, 
tolbutamide treatment should not be withheld solely on the basis of duration. 

In illustration, I cite the case of a 79-yr.-old man whose diabetes began in 
1904. After two decades of starvation treatment, he graduated into the 
insulin era and has required 30 units of insulin daily for the past 30 years. 
He had constant glycosuria and hyperglycemia until one year ago when, with 
great reluctance on my part, he persuaded me to initiate tolbutamide treat- 
ment. Since then he has been singularly aglycosuric and normoglycemic 
with 1.5 gm. daily, a record never achieved with insulin. ; 


Other Correlations 


As to the reported influence of obesity on the response to tolbutamide: in 
this group of patients, 80 per cent were normal or underweight, and their 
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TABLE 4 
CORRELATION OF RESPONSE TO TOLBUTAMIDE WITH RESPONSE ON NO THERAPY 


Response prior to use of 


t : 
Response to Total CS 


tolbutamide cases 


Excellent | Good | Fair | Poor 


Excellentcs, cence ce eos 41 0 0 35 

CkavoVele:- aes eaeta Cee ee 10 0 0 0 10 

ain reste aero 2 0 0 0 2 

. Poor 5 0 0 0 5 
FR OGaleatecteriones ales 58 0 0 6 By 


- 


‘tesponse to treatment was as good as that of the 20 per cent who were obese. 
Moreover, I was not able to correlate the character of the onset of diabetes 
with the result of tolbutamide treatment. The onset was symptomatic in 
60 per cent of the 500 patients, although the clinical result was good or excel- 
lent in two thirds of this group. To be sure, the patients with asymptomatic 
onset displayed almost uniform success with tolbutamide treatment, but this 
group was usually not treated with insulin. 

As to the past history of acidosis and coma, a striking correlation could be 
deduced. In no instance was a patient with a past history of diabetic coma 

found to display a good response to tolbutamide. On the other hand, ketosis 
and/or acidosis did not prejudice the future response, since one third of the 

34 patients with such a history subsequently exhibited a good clinical result 

“with the drug. 

~ In 58 patients, previously untreated diabetes, with or without ketonuria, 

_ proved an interesting challenge to the clinical effectiveness of tolbutamide 

“(taste 4). Good and excellent responses were obtained in 51 patients, so 

- that glycosuria, ketonuria, and classic symptoms were corrected in remark- 
_ ably short periods. 

The diet-treated patients with poor control comprised 131 of the total group 
~ of 500 patients. As expected, 121 of these served as excellent material to 
"prove the effectiveness of tolbutamide in controlling diabetes. Only 10 
_ patients failed to improve and subsequently required insulin. In the insulin- 
_ treated diabetic patients, success in replacing insulin by tolbutamide was pos- 
sible in 202 of 315 patients. In addition to the qualitative change from insu- 
lin to tolbutamide, it was surprising to find quantitatively better diabetic 
control with the latter drug. The 113 failures were all restored finally to 
insulin treatment without tolbutamide and without loss of insulin tolerance. 
~ Ido not feel that there is any benefit to be obtained from a combined thera- 
- peutic program of insulin and tolbutamide. After following the progress of 
90 such patients for 1 year, I have come to believe that tolbutamide either 
‘s __:t cannot reduce the insulin dose significantly. 


There is no role for tolbutamide as partial treatment. 


ob wang ee 8 
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TABLE 5 
CorRELATION OF Prior INsuLIN DOSE WITH RESPONSE TO TOLBUTAMIDE 


Cory 


Response to tolbutamide 


Prior insulin therapy Total 
cases 
Excellent | Good | Fair | Poor 
iO UNS sates eee eee oH! 16 2 0 3 
11-20 ainitss; cece oe 60 30 3 9 
Di—3O UMBIESs tee ele Meena 79 31 20 3 25 \ 
S140 nits aceasta oe 49 10 12 3 24 
At-SOunttst: tes See oe 29 6 9 2 12 
S160 WatSseak ses oe 8 0 2 0 6 
61=S0 units eta ee 15 1 2 4 8 
> SONS ic ac one eraoe ee 12 1 2 1 8 
Notionunswlini: 2. eee 189 127 43 7 11 
Total yesh ss eee 500 252 122 23 106 


Another purported deterrent to a successful result with tolbutamide has 
been the previous insulin dose required by patients. As illustrated in TABLE 
5, the wide range of the size of the insulin dose between 10 to 100 units did 
not lend itself to such an interpretation. To be sure, the preponderance of! 
the dosage hovered in the range of 20 to 40 units. Although successful treat- 
ment with tolbutamide was infrequent in those requiring more than 50 units 
daily, occasional striking success could be obtained even in a 100-unit case, , 
and one should not be deterred from trying to replace insulin with tolbutamide : 
because of the magnitude of the insulin requirement. As a corollary, no rela-- 
tion could be demonstrated between the duration of insulin treatment and | 
the tolbutamide response; excellent results were obtained in one half of the: 
patients who had been taking insulin for 20 years or more. 


Side Reactions 


Side reactions to tolbutamide treatment were limited to 4 skin reactions of 
a transient erythema that disappeared with continued therapy, 5 instances 
of marked face and body flushing after alcoholic beverages, and 2 cases 
reporting epigastric fullness. These side reactions could not be correlated 
with either the size of the dose or the duration of administration. To date, 
28 patients have taken between 500 and 1000 gm. of tolbutamide. The daily 
dose usually averaged between 0.5 and 3 gm., with 60 per cent of the patients 
taking 1 gm. daily; 30 per cent, 3 gm. daily; and the remaining 10 per cent 
taking doses ranging between 0.5 and 3 gm. or more. Twenty-six patients 
were maintained on 3 to 6 gm. daily without untoward effects. 

In the entire series there was no evidence in any single case of toxic reactions 
involving the hematopoietic, hepatic, renal, or cardiovascular systems. Tol- 
butamide was given to a number of patients with renal damage due to dia- 
betic nephropathy, and showed no evidence of significant aggravation of the 


| 
| 


. 
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existing damage. Similarly, several patients who had recently recovered 
from hepatitis or obstructive jaundice were treated with tolbutamide without 
evidence of any resultant hepatic dysfunction. 

Hypoglycemia, strictly speaking not a side reaction but a specific effect of 
tolbutamide, occurred in a dozen instances, but to a mild degree. There was 
never any clinical evidence of moderate or severe hypoglycemia. Tolbut- 
amide-induced hypoglycemia proved easily amenable to oral administration 
of carbohydrate, with prompt response, and it was easily corrected by reduc- 
tion of the dose. 

"There were two deaths among the 500 patients, and both were due to coro- 
nary thromboses in patients who had had several previous attacks of this 
disease. Neither death could be attributed directly to tolbutamide. 


Summary 


’ Five hundred diabetic patients were treated with tolbutamide over a period 
‘of 1 year. Ninety per cent of this group were 40 years of age or older, and 
70 per cent of the patients in this whole group presented an excellent response 
‘to treatment with this drug. Included in the group were 315 patients who 
had been treated with insulin for years; in 202 of these tolbutamide replaced 
insulin completely. As was expected, there were striking therapeutic results 
in the non-insulin-treated patients, with excellent responses to tolbutamide 
in 90 per cent of this group. Except for the correlation of age at onset of 
‘diabetes, there appeared to be no influence in the eventual response to tol- 
“putamide due to sex, body weight, insulin dose, duration of insulin therapy, 
or history of ketosis. The only two types of patient in whom therapy was 
unsuccessful were those who had experienced onset of the disease in childhood 
" juvenile, or under 20) and patients with a history of coma. No single serious 
or toxic effect was demonstrated in the entire group over a 1-year period. 


;- 
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REPORT ON EXPERIENCES IN ONE AND A HALF YEARS ™ 
OF ORAL TREATMENT OF DIABETES 
WITH TOLBUTAMIDE 


By G. Stétter, I. Seidler, T. Dorfmiiller, M. Furthmiiller, and W. Endres 
Medical Clinic of the Municipal Hospital, Augsburg, Germany 


For the last eighteen months we have been treating diabetes with tol 
butamide (Orinase). During that time, 550 patients have been stabilized 
on tolbutamide in our clinic. Fifty of these patients received combine 
treatment of insulin plus tolbutamide. I shall not deal with the latter grou 
in detail since observation of these cases did not demonstrate anything that: 
has not already been published.) ” 3 

Four hundred and fifty of our patients (FIGURE 1) are now being treat 
with tolbutamide. Of these, 410 are more than 50 years old, and most offi 
them are more than 60. In 17 patients, the diabetes mellitus became mani-: 
fest before they were 40 years old. 

The stabilization on tolbutamide was carried out exclusively in the clinic, | 
on the metabolism ward. One hundred and seventy patients had been! 
previously treated with insulin; 133 patients were poorly controlled by diet 
alone; and 147 patients were newly detected diabetics who could not be 
controlled with diet alone. With all the patients of the last two groups, a 
strict dietetic regimen was tried first. Three carbohydrate-free test days 
were ordered, followed by a limitation of the carbohydrates to 120 gm. 
Only if, within 1 to 2 weeks, no fair balance was reached on a diet limited in 


Total number of patients 
Treated with toltwiamide only: 
450 


1 Present age 


I] Age at onset 


Number of patients 


SessPgezaVss 


Ficure 1. Age distribution of patients treated with tolbutamide only. 
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Wumber 
of patients 


Total number of patients : 170 


Successful changeover 
from insulin to tolbutamide only. 


10 
Dosage 


of insula: . = 
bekore Zolbulamide 41-50' 51-60 Units 


Ficure 2. Successful transfer from insulin to tolbutamide. 


carbohydrates was treatment with tolbutamide started. ‘These two groups 
of patients undoubtedly include a number of patients who might have been 
treated with diet alone for some time. 
With the 170 patients treated with insulin, the amount of insulin given 
| was reduced until glycosuria and an increase of the blood sugar occurred. 
Then administration of insulin was stopped for 24 hours. If metabolic 
decompensation was observed, administration of tolbutamide was not 
‘attempted. It would seem noteworthy that even in several older patients 
with low insulin requirement—for instance 20 1.U. per day—we were able 
“to observe within one day a metabolic decompensation, with blood sugar 
‘increases up to 600 mg. per cent and acidosis. 
_ Among 170 patients (FIGURE 2), about 88 per cent required less than 30 
“1.U. of insulin. 
In about 86 per cent of the case 
treatment was less than 5 years. 


receiving insulin for more than 10 years. 
 Ficure 4 shows the daily amounts of tolbutamide that are required by our 


s (FIGURE 3), the duration of the insulin 
However, 23 patients had already been 


patients. For 400 patients the maintenance dose is 1.5 gm. or less per day. 
All these patients are in good metabolic compensation. 
~ With some of the remaining 


ee 


“tolbutamide has not yet been reac 


50 patients, the lowest maintenance dose of 
hed, and some show only fair to poor 
here are several patients who actually should 

Some, however, refuse a return to insulin 
we havé been content with a moderate meta- 
f these patients were persons with cardial 
tients suffering from frequent anginal 


stabilization. Among these, t 
be treated with insulin again. 
treatment and, in other cases, 
bolic stabilization because some 0 
decompensation and others were pa 
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Total number of patients : 170 


Duration of insulin treatment in years 
before changing on Tolbutéaeae. 


Humber 
of patients 
110 60,4 % 


10,58 % 


Ficure 3. Duration of insulin therapy before changing to tolbutamide. 


attacks where insulin therapy would hardly give better results or would! 
perhaps even be connected with a greater risk. The metabolic compensa- 
tion of all the other patients meets the requirements of a good stabilization. 
Surprisingly few of our diabetics treated only with tolbutamide have 
experienced a transient decompensation. In most of these cases it was: 
sufficient to admonish the patients to observe the diet strictly. In some 
cases it was necessary to administer small amounts of insulin in addition, fort 
a brief period; usually, 20 I.U. of some depot preparation with a long-lasting } 
action was sufficient, and often administration only every other day was: 
adequate. In only 13 patients was it necessary to discontinue administra- - 
tion of tolbutamide completely and to readminister insulin. In general, the: 
amounts of insulin required in this group were the same as before the treat- ; 
ment with tolbutamide. Four of these patients, who had been excellently 
stabilized on tolbutamide for a considerable time, experienced a decompensa- 
tion for reasons which were not clear. Two of these had shown a slight 
acidosis during the 3 carbohydrate-free test days; they had been admitted 
to the hospital with severe acidosis. The other 4 patients, who had never 
been acidotic, suddenly showed severe glycosuria, the reasons for which were 
unknown. ‘These patients, too, had to be changed over to insulin. So far, 
no attempts to return to treatment with tablets have been carried out. The 
stabilization on tolbutamide of the other 9 patients was fair to poor from the 
beginning, so that there had been doubts at once as to the success of a change- 
over. Thus, in all the patients, no substantial aggravation of the diabetes 
seems to have taken place during the last 114 years. 
Of all the patients who have received tolbutamide for periods ranging from 
1 to 11 months, a total of 10 have died meanwhile, The average age was 
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Total number of patients 
treated with tolbutamide only: 450 
Tne daily dosage to maintain 


Mumber the patients could be achieved 
BiiRdtins: In 893 with 0,25 to 1§ 9m 9-0. 


FicurE 4. Daily dosage of tolbutamide required by patients. 


73 years; the youngest patient in this group was 61 years old.. This patient 
suffered from myocardial infarction before his diabetes was discovered. The 
average total dose administered to patients of this group was 200 gm. (rang- 
ing from 25 to 600 gm.). All patients showed sclerotic changes. Six patients 
died from heart failure (5 myocardial infarctions, 1 heart failure with decom- 
Three of them had chronic infections: 1 patient suffered from 
hypertrophy of the prostrate, chronic infection of the renal pathways, and 
chronic uremia; the second patient had gangrene and died from pulmonary 
embolism; the third patient (78 years old) suffered from a long-standing 
cholecystitis, enlargement of the liver, cholelithiasis, and cholangitis, with 
complicating pyelonephritis, and a final collapse of the liver functions, with 
jaundice. The tenth patient died from an acute infection (bilateral broncho- 
pneumonia). None of these patients died either from diabetes or from 
allergic manifestations, or with other symptoms that might be associated 
“with the tolbutamide treatment. 
_ Ten additional patients are no longer under our ambulatory observation, 
“so that nothing can be said about them as yet. When these patients left our 
control, most of them were transferred to insulin therapy in spite of their 
good stabilization, since we consider supervision by experts to be necessary 
‘during treatment with tolbutamide. 
Dermatological reactions were observed in only 2 cases. These patients 
‘showed a slight urticarial exanthema,; in 1 case, at the patient’s request, it 
esume the treatment with tolbutamide after the skin erup- 
ared. On the other hand, tolbutamide treatment was suc- 
ts who had skin diseases prior to treatment. 
t with hydrocortisone ointment and in connec- 


pensation). 


was possible to r 
tion had disappe 
“cessfully started in 3 patien 
Under simultaneous treatmen 
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WEC average in three groups 
before and on tolbutamide frealment 


ae C) before trea*ment 
———— on 


Tolbutamide 
V4 


I v4 
2-100 gm. 100-300 J00-Jooe 


overage 


Ficure 5. White blood cell count average in three groups before and during tolbutamide : 
therapy. 


tion with metabolic improvement, the dermatological symptoms largely) 
receded. 
Further side effects that were reported were incompatibility with the 
stomach and pressing sensations in the head; in the latter case, treatment 
with tolbutamide was abandoned. Also, 2 patients who said that they had 
felt better under the previous insulin treatment were returned to insulin 
although their metabolic compensation with tolbutamide had been good. ~ 
Controls of the blood picture were carried out on 200 patients (FIGURE 5) 
who had been under treatment with tolbutamide for a considerable time, and 
on 100 patients treated with insulin; this was done before and during treat- 
ment (TABLE 1). Computation of the above values, as well as preparation 
of a collective blood picture, before and during treatment, show no sub- 
stantial deviation of the individual blood picture values. In particular, 
there is no significant decrease in the total leukocytes. We see that under 
insulin treatment the eosinophils, the band cells, and the neutrophils increase 
slightly so that the total of 68 per cent is 4 per cent higher than it was prior 
to treatment. Under insulin therapy, the lymphocytes decrease more than 
under tolbutamide, so that the total of white blood cells is lower than before 
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Ficure 6. White blood cell distribution curve. 


treatment. All these chang 


arranged in groups that have received different total amounts of tolbutamide, © 


the mathematical compariso 


with the highest doses of tolbutamide remain unchanged 


es seem to us unimportant. When patients are 


n shows that the leukocyte values in the groups 


FIGURE 6 shows all patients, grouped according to their individual value 
of the WBC, subdivided into groups of 1000. The hatched columns illus- 
trate the individual distribution of WBC of 300 patients before each treatment 


with tolbutamide or insulin. 


The white columns indicate the distribution of 


200 patients on tolbutamide. The barred columns indicate the distribution 


of 100 patients on insulin. 
groups with respect to the a 


The white columns are subdivided into three 
mount of tolbutamide administered. It can be 
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Ficure 7. Five patients with leukopenia on tolbutamide therapy were tested for bone 
marrow function by administration of a lipopolysaccharide (0.04 + I.V.) derived from 
S. abortus equi pyrexal (from the laboratory of Wander, Sigmaringen). The figures below 
the graph indicate the WBC count prior to treatment. The symbols in the graph show the 


individual values before the tests. The solid line shows the mean values for these 5 


patients. The broken line gives the mean values for the comparison cases with leukopenia 
due to other causes; none of these patients were treated with tolbutamide. 


seen that in all groups, with and without treatment with tolbutamide or 


insulin, the distribution remains the same. 
Among the 200 patients treated with tolbutamide, leukopenia was evident 


ina total of 6 patients. The controls of the blood picture showed, for most - 


of the patients, that this leukopenia was transient only, in spite of continued 
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administration of tolbutamide. In further tests, a number of patients again 
had normal values; in some of these cases there had been an infection before. 

Five of the patients showing leukopenia were tested intravenously with a 
lipopolysaccharide which is a bone marrow stimulant and can be used for 
functional bone marrow examination (FIGURE 7). This test showed, for the 
lowest values, an increase of the total numbers of leukocytes to twice the 
initial value after 4 hours. On the average, the increase was more than 
100 per cent. Thus, functionally, the bone marrow is still able to pour out 
an ample amount of leukocytes. In contrast, we saw no increase of the total 
leukocytes or other blood components in cases of cirrhosis of the liver with 
leukopenia, or in cases of aplastic anemia, or in persons suffering from cancer 
and treated with cytostatics. Thus, in patients who show leukopenia during 
treatment with tolbutamide, the bone marrow is not exhausted. Since 


injection of these small amounts of lipopolysaccharide is tolerated by the 


patients without complaint, I think that this test may be recommended for 


obtaining information as to the reserves in the bone marrow. Body tem- 


perature did not rise more than 1° F., and no disturbance of the good general 
condition was observed. 


Effects of Tolbutamide on Blood Sugar Level and on R. Q. 


In FIGURE 8 we see the blood sugar curve in an extended glucose tolerance 


test. The dotted line indicates the control test, and the solid line the level 


K. Xaver , 3S years, Diabetes, saset July §§ snitieltreat ment caer 


on FARES EM EAE Ed AES PE ee 
a [se] | ev |sv|ice| - | - aves [arlarlan |] | ioe, | eke | curve F 


O°, Bind Tere! test 
I titem bcese 


FIGURE 8. The upper part of the graph shows the total carbohydrate intake and the 
tolbutamide therapy, and then the fasting blood sugar and the blood sugar curve on the days 
of the extended carbohydrate tolerance tests. The lower part of the graph shows the values 
of the R. Q. during treatment and on the days with extended carbohydrate tolerance tests. 


The solid curves show the blood sugar level and the R. Q. under tolbutamide treatment; 
the broken curves, without tolbutamide. ; 
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‘after administration of tolbutamide. Glucose was given orally, 20 gm./hr. 
for 5 hr. and 40 gm. per hr. for 3 hr. 

The blood sugar curve under tolbutamide administration was more nearly 
normal. On the other hand, the R. Q. increases under tolbutamide to values 
greater than 0.9, whereas it reaches only 0.75 without treatment. This 

“seems to be an indication that glucose utilization is increased, as it is after 
insulin. Thus, the increase in the R. Q. corresponds to the increased oxida- 
tion of sugar. 

- Thus, in particular cases under treatment with tolbutamide, subjected to 

“extended administration of carbohydrates as a functional trial, a distinct 


increase of the R. Q. can be proved. 


The Effect of Tolbutamide on the Blood Sugar Level of Normal Subjects after 
Intravenous Infusions of Glucose (25 gm.) over a Period of 114 Hours” 


- For the test, normal subjects received 3 gm. of tolbutamide on the day 
before and were subjected to 2 intravenous, continuous functional trials 
6 hours on the day of the test, with a total of 25 gm. of glucose in each 


ver 1) 
The same persons served as controls. In comparison with 


" trial (FIGURE 9). 
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the functional trials without previous administration of tolbutamide, th 
blood sugar level rises less and declines faster; that is, the glucose disappears” 
speedily from the circulation. After the following supper (24 hours after the — 
intake of tolbutamide at 6 P.M.), containing 200 gm. of carbohydrates, no new 

increase of the blood sugar occurred. Thus, the total sugar intake of these 
easily absorbed carbohydrates is intercepted by the liver, and the blood sugar 
level remains in the hypoglycemic range. We can observe the same behavior 
after an overdose of insulin; for instance, during psychiatric insulin shock ~ 
treatment. 


Discussion 


Thus, it has been found that the action of tolbutamide in the healthy sub- _ 
ject begins remarkably fast and proceeds physiologically in the same way as 
an intensified insulin action. 

Further investigations concerning the inactivation and physiological neu- 
tralization of the excretory product were carried out at our clinic. In addi- 
tion, the quantitative determination of both tolbutamide and its inactivation _ 
product were studied: 

(1) Tolbutamide is inactivated by oxidation to a substituted benzoic acid, 
which is the main excretory product; so far, no coupling product with glycol 
has been found, in contrast to the excretion product of pure benzoic acid 
(hippuric acid). 

(2) The volume of the urine seems, within very wide margins, not to be 
limiting for the excretion. 

(3) The physiological neutralization of the excretory product with ammonia 
requires, in an extreme case, no more ammonia than that corresponding to” 
the difference between the maximum and the minimum of normal daily | 
excretion of ammonia. 

(4) There is an intense color reaction on the basis of the diacetyl 
monoxime plus V-phenylanthranilic acid, for the physiologically active sub-_ 
stance; the inactive product reacts with only one thirtieth of the color 
strength. Conversely, in iodometric acid titration, the inactive compound 
reacts about 10 times more strongly than the active compound. 


: 
at 
{ 
Summary i 
During one and a half years of observation, treatment with tolbutamide 4 
has proved useful in 500 patients. It affords a great relief for the older 
diabetic. Thus, strict dietary treatment in combination with oral adminis-_ 
tration of blood sugar lowering substances is again of great importance. — 
Tolbutamide has thus far proved completely nonpoisonous. ‘ 
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CONCLUDING REMARKS 


By Rachmiel Levine 
Department of Medicine, Michael Reese Hospital, Chicago, Til. 


It is very difficult, of course, to attempt a summary of the material here 
presented or to reconcile some of the contradictory data obtained by various 
‘investigators. I shall therefore confine my remarks to major impressions 
from the presented material. There is first the practical aspect, as sum- 
“marized in the clinical studies and in the observations of side effects and 
toxicities. It would appear from these that the sulfonylureas can and do 
control glycosuria and hypoglycemia in the adult-onset diabetic with a fre- 
‘quency of success varying from 60 to 80 per cent. It has been emphasized 
repeatedly that it is imperative that those treated be subject to the same 
dietary control as is employed for insulin therapy. It has also been shown 
“that any complication, such as an infection, may necessitate the temporary 
use of insulin; therefore, instruction in the administration of the hormone 
“must never be neglected. The side reactions and toxic effects encountered 
with carbutamide have led to its withdrawal from therapeutic use. Thus far, 
tolbutamide seems to show fewer reactions, all of them mild. It would seem 
that the average daily dose lies somewhere between 1 and 114 gm., and it 
might be safe to set a maximum of 2 gm. per day. 
_ Despite many unclear points it does seem that the sulfonlyureas act by 
"eliciting insulin secretion in animals and in human beings in whom a sufficient 
~ number of 8 cells are still present. There seems also to be an action upon 
-jnsulin turnover in liver and peripheral tissues, since potentiation of insulin 
action can be obtained at high dose levels in the absence of the pancreas. 
There is also evidence that the glucose production and/or output by the 
liver are inhibited by the drugs at some unspecified point. This has been 
~ shown clearly only with high doses of the drugs. 
To me the most important aspect of the research in this field has been the 


g stimulus it has provided to renewed work on the etiology of diabetes mellitus 
and on the synthesis of insulin, its storage, and the control of its release. We 


- may say that, in addition to stimulating the 6 cells, the sulfonylureas have 
stimulated the investigators. 
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